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ABSTRACT 

As the tenth lesson of the Articulated Multimedia 
Physics Course, instructional materials relating to circular motion 
are presented in this study guide. The topics are concerned with 
instantaneous velocity, centripetal force, centrifugal force, and 
satellite paths. The content is arranged in scrambled form, and the 
use of matrix transparencies is required for students to control 
learning activities. Students are asked to use magnetic tape 
playback, instructional tapes, ancJ single concept forms at the 
appropriate place in conjunction with the worksheet. Included are a 
homework problem set and illustrations for explanation purposes. 
Related documents are SE 015 96 3 through SE 015 977, (CC) 
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IMPORTANT: Your attention is again called to the fact that 
this is not an ordinary book. ItU; pages are scrambled in 
such a way that it cannot be read or studied by turning the 
pages in~thTe ordinary sequence. To serve properly as the 
guiding element in the Articulated Multimedia Physics Course, 
this Study Guide must be used in conjunction with a Program 
Control equipped with the appropriate matrix transparency 
for this ^jf^sson. In addition, every Lesson requires the a- 
vailability of a magnetic tape ' playback and the appropriate 
cartridge of instructional tape to be used, as signaled by 
the Study Guide, in conjunction with the Worksheets ' that ap- 
pear in the blue appendix section at the end of the book. 
Many of the lesson Study Guides also call for viewing a single 
concept film at an indicated place in the work. These films 
are individually viewed by the student using a special pro- 
jector and screen; arrangements are made and instructions 
are given for synchronizing the tape playback and the film 
in each case* 
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Lesson Number 10 
CIRCULAR MOTION 



1 



Let your imagination carry you back through more than 2,000 years 
of man's history, back to Plato in the Greece of the fourth century BcCc 
This great philosopher vras a teacher whome we can imagine speaking to his 
pupils in a classroom not too different from yours. We must paraphrase his 
lecture because there is no documentation for his exact words: "The stats," 
he begins, "eternal, divine, and unchanging lights in the heavens, move 
around the Earth once eacn day, as' we can see, in that eminently perfect 
path, the circle. The planets, however, seem to follow erratic paths; they 
wander through the sky as the year progresses. Yet they, too, are heavenly 
and divine; they, too, must follow the perfect path of heaven, the circle. 
And so I set forth to you a problem: determine what uniform and ordered 
circular motions musf: be assumed for each of the planets to account for 
its apparent irregular wanderings." 

We give you Plato in our introduction to this lesson because he and 
his successors in later times and other places exemplify man's early pre- 
occupation with circular motion in his endeavor to explain celestial events 
without violating eithcsr of his two basic faiths: his belief in the divinity 
and perfection of the circle and his conviction that the chaotic, tumbling 
motion of the heavenlv spheres could be reduced to simple, ordered, logical 
systems. 



Please go on to page 2. 



The seieds of m&rdy of our modern scientific method lay in the fertile 
'chdughts of the ancient GraekSo Despite superstition^ the study of circular 
morion ivr .these ancient times as j^pplied to's sky which seemed sc. near has 
.slowly led, ta our undsrstatiiding ;af . the present-day univ.erse: / : ' \ 

■ io The s cars do not move; about the Earth in circles. 
/ \^ 2o - The planets do not move about the Earth or the 5uh . in \ 

,.3o- The orbit of' the -moon, is- not. a^circle<, 

In short , there is nothing divine or ^ eternal t about the circle as Plat 
th|3ughCo The circle is a' special kind of geometric 'figure with special 
properties; but thi'i same may be s^id of the ellipse, the square,, or the 
t:i'iangie.b : Kei^^'ertheless ^ planetary and . satellite >rbits are smooth v closed 
cus:yes which often closely approximate circles r This lesson will cover ^ 
moticn in £urved paths o ' . . ■■ / . : " ' . / ■ . 

As. it happens ^ circu-lar motion is more readily analysed than elliptic 
CT hyperhoiic, or parabolic motiono Many familiar objects move in perfect 
circles : the wheels of your^carj the edge of the record on your; phono 
playback, the tub in your washing machirie, the ^blades- on your eZectric fan^ 

■ We cask, i:henj what laakes circular mption different from motion along 
3. straight line? Does velocity have the same meaning for both motions? 
Koxv; does acceleration differ in circuliit motion? What forces are present 
in restating systems * These and other related questions will be answered 
in"-this lesson, . . ■ 



Please go on to page 3« 
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Somewhere in your reading or in grade school you have met the notion 
of centrifugal force o You whirl a stone around in a circle at the end oi a 
string in apparent defiance of gravity. What keeps the string i.aut? Why 
doesn't the stone fall when It reaches the top of its vertical circular path? 
"Why> it*s obvious," you sayo "When a body is whirled around, there is an 
outward force acting on ito In this case, the force is large enough to 
counteract the downward pull of gravity* That's why we call this force 
centrifugal force ; the word means 'flying away from the center o' That's 
exactly what the stone would do if you cut the string • It would fly outward 
immediately due to centrifugal force/' 

Consider another manifestation of centrifugal forcec When the cat 
in which you are a passenger suddenly rounds a sharp turn^ you often find 
yourself sliding along the seat toward the outside of the c^tve. Yon were 
stationary with respect to the car before you began to slide; hence yout 
body is accelerated c Being well-versed in Newton's laws of motion, you 
know that a force must have acted on your body to cause the outward accel- 
eration; you can even vnrite a mathematical equation (F « ma) to prove the 
existence of this outward-giiing force. You conclude that the same force 
that acted on the string — centrifugal force- — is also responsible for your 
sliding along the seat of the autoiiobile. 



Please go on to page 4, 
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: The coricei>t q£ centrifugal force Is quite simple -and clear-cut s isn't 
it? ; It explains so many things in" a. forthright , uncomplicated manner* 
However, explanations of effects in rotating systems biased upon- centrifugal 
force have one defect : - THEY ARE INCORRECT! THERE' IS NO SUCH FORCE AS 
CENTRIFUGAL FORCE ACTING ON THE STONE ON .THE STRING OR ON YOUR BODY IN THE 
CARl. For TTjore years than' we care - td "mention, textbooks and teachers have 
been either implying or actually dispensing f^lse information on the subjec.to. 

. - So> V7hen a belief like this, cherished over the yjeiars, is - shattered,, 
we begin view other commonly aecepted ideas with suspicioiio This Is 
exactly the attitude we should like to see develop in yotk» Very often in- ./ 
physics, "self --evident truths'^' turn out to be the wildest kind of untruths! 
The answer is, clearly, that there is no such thing as a self-revident' trviii'ha 
Iii-vseience, a "so-^called fact of today" may very well, turn out co.be the fairy - 
.tale 61 tomorrow,* ■ . - - , ■ h ... 

. Centrifugal force as an explanation for the behavior of bodies in 
circular motion is just such. a fairy tale^ If abandoning the simplicity of 
the centrifugal -force concept disturbs you, don't freto The true explanation 
of- the -taut string of the whirling stone,, of the slide along the automobile 
seat, and of the tearing tension you feel in your arms when you are the j.ast 
man ; on an ice-skating "whip*^ is so much more logical. and straight-forward, 
that once you have grasped it, you will never again regret the loss of . 
"■centrifugal'' foreeo ' . ■ 

Good luck in the work .ahead „ - We know you Wll -find it interesting* 



Please turn to page 154 in the blue appendix. 
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There are places in deep space which are so remote from the nearest 
star or planet that the effect's of gravitation in these areas are negligible o 
We can imagine a block of meteoric matter moving through such a space, having 
been cast of an exploding star thousands of years agOo No forces of any kind 
act upon it. It is a completely free agent unaffected by gravitation, 
electrical forces ^ or magnetic forces. 

In the absence of force, the meteor is in dynamic equilibrium . Its 
motion is accurately described by Newton's First Law. 

Just what kind of motion would the meteor have? 
(1) 

A Uniformly accelerated motiono 

B Uniform speed; variable in direction^ 

C Uniform velocity. 



ERIC 



YOUR ANSWER B 



Refer to Figure 15 on page A6. You can't say that DC is the radius 
or Che circle of rotati^. shown in the figure^ This line segment is too long 
Peine is outside the '•■^rcie. If you used DC as a radius to draw a circle 
a;:ound C, you wouid fi. lis circle much larger than the one in the figure. 



Please recui:n to page 46 and choose a better answer. 



7 



YOUR ANSWER C 



One of the conversions is incorrect. Perhaps it will*help if we remind 
you that there ' p^. 100 cm in one meter and 1,000 g in one kilogram. 



When you find this single error, the list will then be correct. Locate 
the error; then return to page 56 and choose the right list of values. 
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lOUR ANSWER C 



You are cotrect^ At the instant of removal of . the centripetal rcice, 
the particle at once is restored to a state cf dynamic equilibrium. Since 
at this lustanc the motion is tangent to the circle ^ the particle continues 
rc move along the line of 

Hereafter in this lesson, we will use the symbol 'v' to refer tc the 
"instaritaneous velocity" of the rotating particle p Since the direction oi: 
niction will be constantly changing, we x^/ill refer to ^*speed** cf the particie, 
!:he instantaneous velocity of which is 

Now let*s imagine that the centripetal force is applied to the par tie .i 
z^BlitBL T^ ^g^^itude , contin^iously changing its direction so that its 
lyectoi constantly pcmts toward the center. The path of the particle "Will. 
v,.hen be a perfect c . " 



What's the missing word? Write it; then check your thinking by tiixnin 
to page 9 o 
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CORRECT ANSWER: If the magnitude of the centripetal force is constant and 
always directed toward the center, the path of the particle will then be a 
perfect .circle. 

In Fig\ire 9, the symbol is used for centripetal force at every 
point in the path of the particle and v is used for each instanta'<eouti 
velocity because the speed of the particle is constant despite the changing 
direction. The radius of this circle is symbolized by r and we'll call t.he 
mass of the particle m* 



V 




Figure 9 

Next we turn our attention to the magnitude of the centripetal force, 
F • Can the required centripetal force F be determined for any ^iven set 
of conditions where the mass m, the instantaneous velocity y, and the radius 
of the circle r are determinable? By "required" we mean: can we find the 
magnitude of the centripetal force F^ needed to keep a particle of mass m 
moving at a speed v in a circle of radius r? The answer is yeSo An equa- 
tion can be derived which relates F to m, v, and r. The derivation is 
difficult, however, and beyond the Jevel of our course. Rather than burden 
you with the formal derivation, we're going to obtain the equation with the 
assistance of our knowledf?,e of units and unit checks. 



NOTEBOOK ENTRY 

Lesson 10 j 

2. Centripetal Force | 

(a) A particle moving in a circle with constant speed is acted upon 

by a force of constant magnitude acting toward the center of the circle o I 

This is centripetal force . (Copy Figure 9 into your notebook.) ! 



Please turn to page 155 in the blue appendix. 
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To obtain the relat3>:iship between on the one hand and m, v, and 
r on the other, we'll investigate the effect of each of the latter on the 
force needed to maintain circular motion; but we'll handle them separately ^ 
To do this, we'll try to make use of your personal observations and experi- 
ences c 

We shall begin by studying the relationship between and Vo Imagine 
that you are holding a on d length of string between your fingers, having 
first wound a few turns c around your forefinger to prevent inadvsrtent 
slip. Attached to the stixng is a ''particle," (perhaps a tennis bail) o Ycu 
whirl the particle in a horizontal circle at a relatively slow speed above 
your head and note the amount of centripetal force (F^) you have to exert to 
keep it in this circle « Now assume that you increase the speed of whirling 
to twi^'e or three times its former value and again note the magnitude or 
the required centripetal force o Select one of the statements below whl>:.h 
fits your observations of what occurs. - 

(8) 

A As the speed increases, the required centripetal force remains the 
same » 



B A9 the speed increases, the required centripetal force decreases . 



C As the speed increases ^ the required centripetal force increases c. 
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YOUR ANSWER B 



Your algebra is faulty. Remember, dividing a traction like mv ft 
by a whole number such as ni is the equivalent of multiplying the fraction by 
the reciprocal of the denominator. 




So you can see that the answer you chose is not correct. 



Please return to page 27 and select the alternative answer. 
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YOUR ANSWER D 



There is actually nothing wrong with this answer from a strictly 
TOatheraatical point of view. The error, if one may call it that, lies in the 
basic presentation of the result* 

It is conventional to isolate the constant k from the variables by 
showing ic as a separate quantity, the first term on the right sidec Inscea^d 
of writing » "^^^^9 it is preferable to indicate the same relationship this 
way: 




In the last analysis, both relationships are mathematically identitai^ 
but the latter contains better physic s. 



Please return to page 59 and choose the best answer* 
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YOUR ANSWER A 



Refer to Figure 18 on page 75. 



Path CD is a perfectly straight line. The only conditions that will 
pexrmit any object moving in space to follow such a path are those in which 
the net force acting on the object is zero. The fact that a large arao"vint 
of driving force is applied horizontally to the satellite does not negate 
the gravitational attraction of the Earth. Regardless of the speed of prcj 
tion of the satellite at point C, then, the net force acting on it is not 
zero because it is still being attracted by the Earth. Hence, it cannot 
move along a straight line because it is not in dynamic equilibrium. 



There is a much better answer to the question than the one you chose 
Return to page 75 please. 



lA 

YOUR ANSWER C 

Almost, but not quite I 

You worked the movement of terms correctly, but you should have ended 
with the following equation: 

Wh. t happened to the square sign on the v? You appear to have dropped 
it. Why? 

To find V, you must take the square root of both sides of the equatloij 
shown above. 

Please return to page 81 and then choose the right answer. 
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YOUR ANSWER C 



All right, let's go over the essential points. 



We started with a series of rough experiments. We whirled a pazticie 
on a string and, one at a time, changed each of the three variabiess spfied, 
mass, and radius of rotation* In each part of the experiment, we tried lo 
determine what happened to the required centripetal force, F^, as each of: 
the variables was altered. 

We found that the centripetal force had to be increased: 

(1) when the speed (v) was increasedo So we assismed ths^ F 
was directly proportional to v; that is, * kVo 

(2) when the mass (m) was increasedo Again we guessed that ihe^ 
might be a direct proportion between and m; that is, F^ « kmc 

(3) when the radius of rotation (r) was decreased o This suggest 
that might be inversely proportional to r, and we px-oceeded to make this 
assumption; that is, ■ k/r. 

These three proportions were then properly combined into the terms 




We decided to do a unit check on the relation as it stood* But before we 
could do this, we had to make another assumption. We assumed which oi the 
following? 

(13) 

A We should like the force to come out in newtonSc 
B k equals I and has no units. 
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YOUR ANSWER B 



You are correct. Centripetal force, regardless of its source, acts 
along the radius of the circle of rotation toward the center. This radius 
is always perpendicular to the tangent through the particle at every point 
of the circle in which the particle is moving.. 

— 31 

Try this problem. An electron has a mass of 9.1 x 10 kg. Under 
the action of a magnetic force, an electron moves in a circle of 2.0 cm 
radius at a speed of 3.0 x 10^ m/sec. At what speed will a proton (mass = 
1.6 X 10-27 kg) 

move in a circle of the sauie radius if it is acted upon by 

the same force ? 

Let us first write the equation fot the centripetal force acting on the 
elect ron» Thus: 



F « HeXe 



2 
r^ 



(Copy this.) 



The subscript "e" relates all of these quantities specifically to the 
electron. 

Using the subscript "p" for quantities relating to the proton, write 
the centripetal force equation for this particle. 



Please turn to page 17 to check the equation. 



17 



CORRECT EQUATION: HpXpl 

Now the problem .states that the same force is acting on both particles 
This tells you at onbe that Fg « Fp which permits you to equate the right 
side of one equation to the right side of the other so that: 

2 2 
P e 

One of the conditions of the problem is that the proton is to move m 
a circle of the same radius as the electron. Therefore, you also know thai 

* ^e» these are set equal to each other, the equation reduces f^jirthei 
to which of the following? 

(22) 

A mpVprp « meVete* 

n 2 2 

D TOpVp mgVe 

C tttpVpre « meVerp 

D None of the equations given above is correct. 
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YOUR ANSWER D 



Refer to Figure 3 on page 115* Your answer is improperly limited. 
To determine where no unbalanced force acts on a particle moving with uniform 
speed, you must locate those ranges where the particle moves in a perfectly 
straight line^ True, A to C is a straight line, but so is the range £rom F 
to Go Over both of these ranges, the particle is in dynamic equilibrium since 
neither the speed nor direction of the motion is changing Hence, there is 
no unbalanced force acting on the particle over either of these ranges c 



Please return to page ll5o Then select an alternative answer. 
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YOUR ANSWER C 



This answer is not right, 



Think back to the way we obtained the equation for centripetal force c 
In deriving the expression for centripetal force, m always represents a single 
mass, not the combined mass of two different bodies, regardless of their 
relationship to each other. Remember also that the Earth provides gravita- 
tional attraction. 



Please return to page 86. You can find the right, answer. 
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YOUR ANSWER B 



This is corrects We will want v all alone on the left side of the 
expression. So we have: 

ElisX?. « (Me 
r 

To solve for v, we like to attack the simplification this way: 
and r on the left can be eliminated by multiplying this side of the equation 
by r/mgc But if you miuiltiply one side of any equation by a certain factor, 
you must do the same thing to the ot:her sidec Thus, 

2 

— X ~* — 

We want you to simplify this right down to the point where you obtain 
V (not v^) all alone on the left side* Go to it! When you have finished 
(it's really not difficult at all), compare your answer with those below and 
select the statement that you feel is correct* 

(33) 

2 

^mck me 

A v « 

r-^ 

r 

C The equation does not simplify to either of the two expressions 
shown above. 
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YOUR ANSWER B 



Refer to Figure 18 on page 75. 



Path CD is a perfectly straight line. An object moving through space 
can move along a straight line only if it is in dynamic equilibriixii;i, that is, 
if the net force acting on it is zero. At an altitude of 1,000 miles, the 
Earth ^s gravitational pull may be somewhat weakened, but it Is stil l ther e 
and constitutes a very definite unbalanced force that would not permit the 
satellite to move in a straight line* In short, the Earth's gravitational 
force even at an altitude of 1,000 miles makes it impossible for the sateilit 
to move in perfect dynamic equilibrium. 



Please return to page 75. The correct answer should now be evident c 
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YOUR ANSWER A 



Although this statement is true, it is not included in the context of 
the notebook entry in question. Check your notes again c 



Please return to page 133, You'll have to try another answer o 
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YOUR ANSWER B 



This answer doesn't follow from our reasoning o If a particle is going 
to change its direction of motion at all, a force must be applied to It in 
the direction of the change. When the string is cut, the only existing 
inward radial force vanishes; hence the particle certainly could not begin 
to move inward at exactly the time when the only force that could cause it 
to do so ceases to exist! 

You must remember that the pari^"icie is moving at a tangent to the 
circle at every instant in time and that the centripetal force is applied tot 
the purpose of changing the motion from linear to circular motion. So if 
the centripetal force causes the motion to change from linear to citcislat, 
the removal of the force must permit the particle to return to linear motio u 
along the same line it was following at the instant when the string was cut • 
But was the particle flying inward toward the center along the radius at the 
instant of cutting? Which way was it going? 



You should have no difficulty in choosing the correct answer now. 
Please return to the question by turning to page 150 • 



2^ 

YOUR ANSWER A 



You are correct o As the radius decreases, the circle of motion becomes 
smaller and more curved o The increased curvature is a greater deviation from 
a straight-line path and hence requires more centripetal force to produce it. 
Refer to Figure 10. 




Figure 10 

Arc AB is part of a circle with small radius arc CD is part or a 
circle with larger radius rjo Both arcs are about the same length indicating 
the same distance traveled in unit time* CD is more nearly a straight line 
than AB; hence it requires less centripetal force to produce it* 

Thus as r decreases , F^ increases » Here again, we see a suggestion 
of a proportion but this time, an inverse oneo Following the same procedure 
as before, we assume that F^ is inversely proportional to r and write: 

F 

c r 

So far, we have two assumed proportions; 

F^ « kv and » 

That is, centripetal force is directly proporti^'nal to particle speed 
and inversely proportional to the radius of rotation. What is the other factor 
whose relationship to F^ we wish to determine? 



Write it; then turn to page 25, please. 
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CORRECT ANSWER: The other factor whose relationship to we wish to oex ermine 
is mass (m) « 



First, we'll repeat our observations about the other terms c 

(1) When the speed of a rotating particle increases ^ all other 
factors remaining the same, the centripetal force required 
to maintain circular motion increases » 

(2) When the radius of rotation of the parricle increases , all 
other factors remaining the same, the centripetal force 
required to maintain circular motion decreases o 



Please turn to page 156 in the blue appendix. 
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Now how about mass? If in the imaginary experiment you had used a 
heavy object instead, of a light one, say, a stone rather than a tennis ball, 
would you have had to exert more or less centripetal force as compared to 
that of the previous case for the same radius and the same speed? 

(iO) 

A More force, 

B Less force. 
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YOUR ANSWER A 



You are correct. 



We know, too, that the motion of a particle in a circular path may 
be described in terms of the following expression: 

,2 



F - 



The force in this case (centripetal force) produces an acceleration 
directed toward the center; hence this force may be substituted for the 
general value of F in a =» F/m, where a is the centripetal acceleration and 
is the mass of the particle. In other words, we write: 

F 

a » — (general form of Second Law) 
m 

2 

But since F « F » ~- (centripetal force equation) , 

^ r 

2 

we may substitute for F in the general form and write: 

r 2 

mv 



^c m 

where a^ stands for centripetal acceleration. 

Simplify this last Cixpression, What do you get? 
(28) 

2 

A V 

A a » — 
c r 

B » — — 
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YOUR ANSWER A 



Not so. 



If all four assiimptions had been correct, then would have come out 
in newtons or kg-m/sec^ instead of '^.oming out in kg/sec as it did = 

Let's review t^e assumptions once again: 

(1) We found that increased when m increased, so we assumed 
a direction proportion and wrote F » km. 

(2) We found that F^. increased when v in^iceased, so we again 
assumed a direct proportion and wrote F^ =« kv« 

(3) We found that F^ increased when r decreased, so we assumed 
an inverse proportion and wrote F^ » k/r.. 

(4) We assumed k equal to unity; we also assumed k to be a 
pure number without units. 

2 

Now, since F^ did not come out in newtons or kg-m/sec , then one oi 
more of these assumptions must be incorrect . 



Please return to page 66 <> You know the answer nowc 
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YOUR ANSWER C 



nrodunt nf f ° equation shows acceleration to be proportional., to the 

T«wf . °° remember the verbal form of the Second 

for;e but^?rJrf °f ^ "^^^^ is directly proportional to the applied 
force, but it is inversely proportional to the mass -of the body. 

n«a/q/'''^^^^^^''T^''^ ^°'''" Second Law equation; then turn to 

page ys again and choose the correct answer. 
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YOUR ANSWER ™ C 



Sure, that's correct o As the speed increases, the need to pull the 
string toward the center of rotation with more force is quite evident. Thus 
as the speed increases , the centripetal force increases o This suggests the 
possibility of a direct proportion between and Vc Remember, this is an 
intelligent guess but a guess nevertheless. Actually might be proportional 
to or to or to v^, or there may be no true proportionality at ail. 
So by assuming that F^ is directly proportional to v, we* are going '*out on 
a lirab," but there is no harm in this as long as we are awaire of what we 
are doing. Obviously, such an assumption will have to be tested latez ono 

Now going along on this assumption^ we'll write the assumed diiect 
ptopoition in our familiar mathematical form: 

F ^ « kv 

Next, picture repeating the experiment with a string only half as long, 
this time keeping the speed constant at all times « What happens this time? 

(9) 

A As the radius decreases, the required centripetal force increases . 



B As the radius decreases, the required centripetal force decre ases 
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YOUR ANSWER — B 



You are quite correct. These are the right MKS ^values for this proble 



Now you have the equation and the values for substitution. Suppoi 
you solve the problem and let us have the answer to two significant fig 



se 
ures , 



What is the maximum speed of the ball? 
(20) 

A 4„ 2 cm/sec 
B 18 m/sec 



C Neither of the above answers is correct . 



TOUR ANSWER A 



You're letting some old, fixed ideas get the better of your reasoning* 
You were probably thinking of one possible way of starting the particle in 
its circular path (as when particles are affixed to strings)~by ha^^'ing the " 
string slack before rotation begins; then you pictured the particle moving 
away from the center of rotation before the string became tauto 

Bear in mind that the force F (any one of the infinite number of 
centripetal forces for any one of the infinite number of possible positions 
the particle may have at a given instant) cannot h^.. applied until the string 
is tautc Thus, any movement the particle undergoes while there. is scili 
slackness in the string must occur before the centripetal rorce is applied o 

Once the string is taut, .the particle cannot possibly move farther 
from the center, and hence it could not accelerate as described in this ar^awe 



Please return to page 79 and choose a better answer ,> 
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YOUR ANSWER A 



Acceleration means a time rate of change of velocity. Acceleration 
occurs only when an unbalanced force acts on a mass. From the Second Law: 

^ F 

m 

it is evident that regardless of the nature of the mass, 
force is zero, then there is no acceleration* If F » 0, 

a " - sc that a » 0 
m 

since zero divided by any number is zero. 

The meteor is not acted on by an unbalanced force of any kind; this 
is the condition we have set up. Thus, F « 0 and a « 0, so the meteor ' 
cannot be moving with accelerated motion, uniform or otherwise. 



if the unbalanced 
then: 

1 



Please return to page 5 and choose a better answer. 
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YOUR ANSWER B 



Certainly, the equation you derived shows no such relationship c The 
mass of the satellite (nig) does not even appear in itc 



Perhaps you thought that the greater weight would require greater 
speed to provide the inertia to keep the satellite from falling to the Earth 
What you probably forgot was that the weight of the satellite provides an 
increase in inertia. 

Since mg does not appear in the equation toz satellite speed, whai 
can you conclude about the dependence of satellite speed on satBilite m^ss'i 



Please return to page 52 and make another answer selection. 
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YOUR ANSWER A 



No. 



You're forgetting that the radius of the orbit is the distance between 
the satellite an4 the center of the Earth, Since the radius of the Earth 
is taken as roughly 4,000 miles, then the altitude must be added to this 
figure to obtain the orbital radius. 



Please return to page 53 and choose the alternative answer o 
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■ YOUR MSWER — . C 



• You are chinking of accaX2:ration as ^ change of - ,*?pee.d only. Reflect 
tm: a mOTiSntc" The instantaneous velocities {y^ ^ ^2,. and v^) all have the . 
eame magnit?^;dev bis t the dl K^ectious are di'tfer ent c Nov? 5 ^ichcy-iigh you' T?iay think 
of acceieK-a'clou as the change of mi^.gnittade of a veioeity in many i:.-2-&e&s. there 
are just as iriany siraat'iorAS' where .an applied force procures acceleration by 
.cha^nging the direction' of the velocity x^Sifcheii:-: than its magnitt^dEo In the 
following definition: . ! . 

^ t 

The delta: preceding the v dees net specify whether r^he jriaLgr^itiideoj: 
the directlcm 'lot boxh) is changihg'o Acce lerat l mi Gccui}r 5 if ev^'h^r ^ns ^v-aries 
wlth_ time, -c-r if. both dO' siniuitaneouftiy c, 

So, the isnbalanced fofce F in Figure 12 on page /9v when m ^sny.dne of 
its possible positions^ must .cause the particle to accelerate^ The qvjiestion 
is, in ^hat direction does the acceleration .take place? 



P}l6ase return, to page ?9c Try axiother answer. 



ERIC 
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YOUR ANSWER D 



One of the conversions is not right. It might help if we reminded you 
that there are 100 cm in one meter and 1,000 g in one kilogram. 



When you locate the error, the list of values will be correct. Find 
it; then return to page 56 and select the right list. 
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YOUR ANSWER B 



This is incorrect. It looks as if you were confused by a decimal 
point*. Or you might have doubled the speed rather than squaring it. 

The equation is: 

mv^ 

F -« 

c r 

Now substitute the numbers only: 

p ^ 80 X (20)^ 



c 20 

If you doubled the 20 in the numerator instead of squaring it, you 
would obtain: 

80 X 40 



F 



c 20 



« 160 units of force 



Of course > this is wrong. Repeat the calculation; then return to page 
104 and select a better answer • 
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YOUR ANSWER A 



Refer to Figure 3 on page 115. The path of the particle from A to C 
is a straight line, and since you are told that you are to assume uniform 
speed throughout the path, then there is no unbalanced force acting on the 
particle from A to C« You answer is correct thus far. 

From D to E, the particle's path is a smooth curve. As we have seen, 
a particle will traverse a curved path only if an unbalanced force acts on it 
while it is following the curve. Hence, there must be an unbalanced force 
acting on the particle throughout the time that it is moving from D to E. 
Thus this part of your answer is incorrect. 



Please return to page 115 and choose a better answer^ 
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YOUR ANSWER A 



You are correct • Since m for Mars is 1/10 m for Earth, then v for 
the Martian satellite would be smaller than v for the Earth satellite, and 
the Martian satellite would travel more slowly. 

How much more slowly would it travel? That is, at about what 
fraction of the Earth satellite's speed would the Martian satellite move? 



(39) 



YOUR ANSWER B 



. .You are correct. In Trials 1-3 only the mass varies; in Trials 
4-6 only the speed varies; in Trials 7-9 only the radiuf? varies « Now 
let •s find out what we can learn from these data* 



Suppose we consider Trials 1-3 first • For these three trials, v « 
1.0 m/sec and T = leO m throughout, while the mass goes from loO kg to 2oOkg 
to 3»0 kgp If we take loO kg as the initial mass, the centripetal force 
required is KO nt initially. Now the raass is doubled to . 2,0 kg, and we find 
that the force has also doubled to 2.0 nt. Last, the mass is tripled from 
1.0 kg to 3oO kg, resulting in a tripling of the force from IcO nt to 3e0=ntc 

Based upon such functional manipulations, the answer to this question 
should be immediately forthcoming: is F^, directly proportional to m? Does 
F^». vary directly as the mass of the rotating body? What do you say? Yes 
or no? 



Write your answer; then turn to page 42 o 
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CORRECT ANSWER: Ye:^ . The centripetal force F^, is directly proportional 
to the mass m of the body in circular motion. 



Ai.1 right, then, this was the assumption we made, and it has been 
verified by experiment o We now know definitely that F^. » km* 

Turning our attention next to Trials 4 through 6, we observe that the 
speed has been made to vary while the mass and radius were held constant. 
Let's summarize part of the chart information below: 

(m and r constant) Speed Centripetal Force 

(Trial 1) loO m/set-^ i, 0 nr 

'{Trial 4) 2oO m/sec 4.0 nt 

(Trial 5) 3,0 m/sec 9c0 nt 

(Trial 6) 4.0 m/sec 16 oO nt 



It is obvious that doubling the speed does not double the centripetal 
force, tripling the speed does not triple the force; nor does quadrupling 
the speed quadruple the force. Therefore, F^ is not directly proportional 
to V. A proportionality does exist, however, which can be recognized from 
the above dataa Which one of the following expresses this correctly? 

(15) 

A F^. « kv^ 

B F^ « kv3 



C « k \/v 
c ^ 
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YOUR ANSWER C 



Refer to Figure 3 on page 115, You are quite correct. Over both of 
these ranges, the speed and direction of the particle are unchanging; thus the 
particle is in dynamic equilibrium and is not acted upon by any unbalanced force « 



Now refer to Figure 4o A particle is shown in various parts of a path 
from A to J, moving with uniform speed at all times. A boy holds a string 
in his hand at point 0 so that when he wishes, he can take up the slack of the 
cord and exert a force on the particle (a ball, perhaps) « Note that the stiing 
is shown in its slack condition when the particle is at points A, B, C, I, mm 
Jc At the remaining points in the path (D, E, F, G, and H) , the boy has pulled 
the string taut and is exerting an unbalanced force on the particle. Assuming 
that this is the result of an experiment using sequential high speed flash 
photography, how do you know that the string is not exerting an unbalanced 
force on the particle at A, B, C, I, and J? 




A 



B C 
^ ^ 



PARTICLE MOVES 
WITH UNIFORM 
SPEED FROM A TO J 



Figure 4 



Think about this; then turn to page 44c 
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Two separate aspects of the diagram (Figure 4 on page 43) indicate thst 
the string does not apply an unbalanced force to the particle at A, B, C, I, 
and Jo 

First, the string is slack* A slack string cannot exert fi force on 
anything until it is pulled tauto Second, at the points named , the particle 
is moving with constant velocity; hence it cannot be experiencing an unbalanced 
force in any direction/ 

Just before the particle reaches D, its path starts to curve o It then 
continues to curve until it arrives at Throughout this interval, the boy 
exerts a force on the string (note that it is taut) as indicated by the arrows o 
He keeps the string at a constant length all during the time that the particle 
moves from D to H, pulling inward toward the finger around which the string 
is wound 0 (Assume also that the finger does not move during this time.) 

Using the above experimental facts, tell us this: The cu^rve from D 
to H is part of what special geometric figure? 

i " ■ . ■ . ., 

A Curve DH is an arc of a circle « 

B Curve DH is part of an ellipse* 

C Curve DH is part of a parabola c 

D I don't know how to determine thiSo 



ERIC 
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YOUR ANSWER A 



You are corrects The centripetal acceleration of a particle moving 
in a circle with constant speed is given by the quotient of the square of 
the speed divided by the radius of the circle. 



NOTEBOOK ENTRY 



Lesson 10 

(Item 3) 

(b) The centripetal acceleration of a particle moving in a circuiii 
path is directly proportional to the square of the speed of the body and 
inversely proportional to the radius of rotation* 

v2 

a^ - — 



Throughout this lesson, we have carefully avoided the use of the word 
"body" in phrasing the laws. Our consistency in using "particle" rather 
than "body" arises from the difficulty one has in discussing the behavior 
of bodies of various shapes in circular motion. 



Please turn to page 46* 
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1 2 



Figure 15 

In Figure 15(1) we have a very small sphere c It it were minutely 
small, we could properly call it a partiiple, so let us imagine that it 
is tiny enough to describe as a particle <, In that case, the radius of 
rotation (r) is clearly and unquestionably defined as line segment AC. But 
in Figure 15(2), we have a body , not a particle. Which line segment is the 
radius here? 

(29) 

A BC is the radius of this circle « 

B DC is the radius of this circle,, 

C Neither BC nor DC is the radius of this circle o 
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YOUR ANSWER A 



No, A reaction is evidence of Newton's Third Law of Motion at work. 
In applying the Third Law, you must remember that there are always two 
bodies involved and that when a force is applied to Body A by Body B, then a 
force equal in magnitude but opposite in direction is applied by Body B to 
Body A, 

What the answer above really says is that the force applied to the bal 
(Body A) produces a reaction force also applied to the same body* If this 
were the case, then centripetal and centrifugal forces would cancel each 
other and leave the ball in dynamic equilibrium. But if it is in dynamic 
equilibrium, it must move in a straight lineo Hence, by thinking of the two 
forces as applied to the same body, you would make it impossible for the 
ball to move in a circle J 



Please return to page 64 « Choose the alternative answer. 



48 



YOUR ANSWER C 



You made no use of the fact that « r , the condition given in the 
statement of the problem. Remember, you were told that the proton was to 
move in a circle of the same radius as the electron* This fact simplifies 
the equation considerably o 

But a more fundamental error concerns a missing exponent c How did 
that disappear? 



Please return to page 17 and select the right answer. 
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YOUR ANSWER B 



You are correct c This Is an inevitable conclusion* Acceleration 
must occur in the direction of the unbalanced force. Regardless of the 
particular F we choose — and there are an infinite number of possible positions 
of P and consequently an infinite number of possible directions for F — 
it is always directed toward the center; therefore the particle must be 
constantly accelerating toward the center o 

Does this give you a feeling that the particle must fall into the cenier 
ultimately? Incidentally, this is a very common feeling among people who 
hear of centrally directed acceleration for the first timer. If you wcndei; 
about this, we believe we can straighten out your thinking by app^oachir^g 
it from a slightly different viewpoint o Let's try ito 

In the situation shown in Figure 12 on page 79, would you say cha,t the 
centripetal force F (Fj^ , F2, F3, and so on around the circle) is being applied 
continuously or discontinuously in spurts? 



Check your answer by turning to page 50 « 
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CORRECT ANSWER: Centripetal force must be applied continuously if the 
particle is to move in a smooth circle as this one does. 



Instead of applying the centripetal force smoothly, what would happen 
if we applied it discontinuously in a series of jerk^ toward the center with 
slack periods in between? In Figure 13, let's imagine that ve start with 
the particle at A, assuming that it is already in motiono The string is 
slack as shown, so the particle must move in a straight line, say AB» Let 
AB be the distance covered by the particle while the string is slack; then, 
suddenly at B the string is tightened and force F applied to it« Say the 
force acts instantaneously « Thus, instantaneously the particle will be 
dragged down from B to C, and at the instant it reacheti C, the string is 
allowed to go slack againv At this instant, it will again take off at a 
tangent to the curve on path CD« 

While the string was slack from A to B, the distance between the par- 
ticle and the center of the circle 0 was increasing as is evident from the 
diagram* The particle moved further away from the center by the amount BCc 
Then upon tightening the string, the particle was brought back to the circle 
(B to C) by force F, whereupon the string went slack again, and the particle 
moved from C to D* Along which path was the particle undergoing acceleration 
toward the center? 



B 




Figure 13 



(26) 



A AB 



B BC 



C CD 
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YOUR ANSWER — - A 



It may be that you are insensitive to force changes or that you can t 
recall exactly what happens in this situation o 

Think of whirling a ball at a slow speed and then at a much faster 
speed. Try to picture the inward force you have to exert to prevent the 
ball from flying off at a tangent. You'll find that there is a definite 
difference between the required forces for the slow and fast rotational speeds 



Please return to page 10. Choose a better answer^ 
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YOUR ANSWER C 



You ^ re tight I The correct procedure follows: 



This leaves you with: 



v2 oHle 
r 



Then taking the square root of both sides , you get: 



V r 

Examining the terms under the radical, we see that G is known o (Do 
you remember its value?) It's 0»667 x 10"10 m^/kg-sec^. Also, m^ is known 
(5,98 X 1024 kg)^ and r, the radius of the circle of rotation (the orbit of 
the satellite), can be determined. 

But prior to working out satellite velocity problems, we can now 
answer the second question proposed earlier: Dee s a heavie r satellite have to 
move faster or more . slowly than £ light one to stay in the same stable orbi t? 

Study the final velocity equation above. Then select one of the answers 

below. 

(34) 

A A heavy satellite must move more slowly than a light one to follow 
the same orbit. 

B A heavy satellite must move faster than a light one to follow the 
same orbits 

C Heavy and light satellites move at the same speed when m the same 
orbit. 

D The equation does not answer the question c 
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YOUR ANSWER C 



You are correct. Considering G and as constants, to determine the 
effect of radius on speed, we can rewrite the equation thus: 

t 

k 

We see at once that the speed is inversely proportional to the square root 
of the radius c 

The importance of this relationship is nicely shown by the following 
problem. An artificial satellite must be accelerated in orbit to nearly 
18,000 miles per hcur at an altitude of 250 miles above the Earth's surface^ 
At what altitude would it have a stable orbit if it were accelerated to only 
9,000 miles per hour? 

The answer is that the satellite would have to lifted to an altitude 
of 13,000 miles above the Earth to find a stable orbit at 9,000 mi/hr. 
Does this sound like a tremendous jump? It does*,- but there is good reason 
for ito Let's see how it works out. 



What is the radius of the orbit at an altitude of 250 miles? 
(36) 
A 250 miles, 
B 4,250 miles. 
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YOUR ANSWER C 



This is not true* 



If « k /v, then the chart for these trials would look like this 
(taking k » 1) : 





V 


k vv * 


(Trial 1) 


1 oO m/sec 


k vT « ^.0 nt 


(Trial 4) 


2,0 m/sec 


k v/T as 1,^1 nt 


(Trial 5) 


2.0 m/sec 


k a /3 nt 


(Trial 6) 


4o0 m/sec 


k y'W ^ 2.0 nt 

i 



(Taking k = 1 is not actually necessary, but it does simplify the 
arithmetic e) 

Our chart does not show these experimental results ioz the trials 
listed • This means that the expression F^ =» k \/v does not meet the requlK.e- 
ments of the data and, therefore, cannot be the correct equation o 



Please return to page 42 and make another selection. 
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YOUR ANSWER B 



No I You're being careless. If you should forget an equation that 
states a principle, you can help yourself by thinking of the verbal form 
of the principle and then making the equation fit the verbal form^ 

The acceleration of a mass is directly propotional to the force applied 
and inversely proportional to the mass of the body* Is that what the equation 
you selected says? Of course not. 



Please return to page 98 and select the right answer* 
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YOUR ANSWER A 



You are correct. Since you obtained the right literal solution, * you 
apparently don't need further help on thiSc 



In the event that you did not copy the problem specifications, we'll 
restate the problem: a 980-g ball is whirled in a horizontal circle the radius 
of which is 36 cm. What is the maximum speed it can have if it is not to 
break the string? This particular string will break if 49 nt of force are 
exerted on it^^ 



Only one of the following lists is completely correct zoz solving this 
problem. Which is the right one? 

(19) 

m « 0.98 kg 
r « 0.036 m 
^ F « 49 nt 



m « 0*98 kg 
r =* 0.36 m 
= 49 nt 

V * ? 

m - 9<,8 kg 

r =» 0.36 m 

F^ « 49 nt 
c ^ 

V ? 

m - 980 g 

r « 0.36 m 
» 49 tit 
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YO\]R ANSWER B 



If the direction of a moving body changes, this constitutes acceleration o 
Do you remember the reasoning that lies behind this statement? Perhaps a 
very brief review is called for. 

Velocity is a vector quantity*. The magnitude of the velocity vector 
is the speed, but the direction of motion must be stated to fully describe 
a given velocity. If either the speed or the direction of a motion is 
altered, the velocity has been changed o This is the same as saying that any 
body which moves in a path having a variable direction must be accelerating 
while the direction is changing « So, when you say that the path is variable, 
you are saying that the meteor moves with acceleratad motion o 

But acceleration occurs only when an unbalanced force acts on a mass- 
From the Second Law: 

F 

a " — 

m 

it is clear that, regardle/ss of the nature of the mass, the acceleration is 
zero if the unbalanced force is zero. That is, if F 0, then: 

a =» 0 or a = 0 
m 

We specified that the meteor is moving in a place where no force of 
any kind acts on it; hence the unbalanced force is zeroo So, its acceleration 
is also zero, and its path cannot Le a varying oneo 



Please return to page 5 and select a more suitable answer.. 
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YOUR ANSWER A 



You made no use of the fact that r =» r^, the condition given in the 
statement of the problem. Remember, you were told that the proton was to 
move in a circle of the same radius as the electron. 

Furthermore, rp and r^, are denominators in the original equation; 
you have moved both or them up into the numerator in an improper mathema- 
tical operation. 



Please return to page 17; then look at the original equation once 
againo If ^ what can you do with these factors immediately? 
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YOUR ANSWER — A 



You are correct, of course • As the mass increases , the required 
centripetal force increases* Again assuming a direct proportionality, we 
write: 



- km 

c 

We now have the following three proportions: 

» kv 

c 




As F^ is Che dependent variable in all three proportions, we may put 
them together to form a single statement with F^ on the left of the equals 
sign. Can you do it? One of the following is the r.orrect combination; the 
others are wrong • Select the one you think is right. 



(11) 
A F. 



V 



B F- - kJL 



mv 



C F 



rav 
r 



D F 



kv 
r 



ERIC 
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YOUR ANSWER A 



Refer to Figure 13 on page 50. 

The string was slack all throughout the flight of the particle from 
A to B. Thus there could be no force acting on it in any diiection dae to 
the string. With no unbalanced force acting on it, the particle must have 
moved with uniform velocity from A to B. We must conclude > then, that, it did 
not accelerate at all along this path. 



Please return to page 50 and think this over once moie betoie making 
another answer choice o 



\ 



\ 
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YOUR ANSWER B 



This is not truee Refer to Figure A on page A3o You may not know 
much about the properties of ellipses but you can recognize this; an ellipse 
cannot be drawn by using a fixed length of strii;^ tied to a single fixed 
center. In other words, we can say that an ellipse has a varying radius wlien 
this radius is drawn to various parts of the curve from the same fixed center o 




Figure 5 

See Figure 5. The three radii, r^, r2, and r3 are of different 
lengths, so the ellipse could not have been drawn with a fixed length of stting 
tied to point 0» 

Now thlnkJ What kind of geometric figure can be drawn by a fixed 
radius rotating so that one end of it remains on a single fixed point? 



Please return to page and choose the right answer. 
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YOUR ANSWER B 



Noo The mass of the Earth is implicit in the F^, part of the equation. 
That is, F is provided by the gravitational pull of the Earth on the satellite, 
and the mass of the Earth is included in the expression for this gravitational 
pull* 



Please return to page 86 and select a better answer 



ERIC 
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YOUR ANSWER C 



You are correct. The speed v is directly proportional to the square 
root of the planet's mass. Thus v ■» k Vin , . and , since the mass of Mars is 
about 1/10 that of Earth, then v = k /l/lO or roughly: 



1 

3^ 



NOTEBOOK ENTRY [ 
Lesson 10 ? 

j 

4, Satellite motion 



(a) The 5peed of an Earth satellite is given by: 



3, 2 

where v » speed in m/sec, G = constant of universal gravitation in m /kg-sec , 
nig « mass of the Earth in kilograms, and r » radius of orbit in meters. 

(b) To find the speed of an orbiting satellite around any planet 

other than Earth, substitute the mass of this planet for m^e ^ 

I 

(c) For a given speed, the radius of a satellite orbit may be found \ 

f rom : 

Gmp 

r « 



Before continuing, please turn to page 158 in the blue appendix* 



:_.As we draw near the close ot this lesson, vtou are perhaps wondering 
if we are going cb tnention centriftigal 'force at alio You will h&ve obsex^ved 
of course,, that: we did not need -it at all to explain any of the effects in . 
circular motion o The notion of centrifijigal force Is quite superfluous in 
physics; yet we encounter it every now and then in our reading ^ Let's put. 
the phrase in its proper place here and npWo 

To eliminate the side effects due to gravity^ friction, air resistance, 
and so on\ let us conceive of a ball revolving, around a frictioslless bearing 
in a vacuum on the end of a string in deep space where gravitation may be. 
ignored^ (Figure 20) ' v 




'[ ' ^ -/ . ' ' ' . jj Figure 20 ' „" ' ' 

In "this iaeali^ed situation, 'there ' is^ " only^ ' ane~ -f-pree~-aeM'ngr:on the ball 
if it .moves with uniform speed s This; force is centripetal force , directed 
toward the center of rotation at every instant*^ It is the centripetal 
force which causes centripetal acceleration and prevents chevbail froTn, moving 
off in a straight line* v .; ' ' 

•■- ■ ' ■ ■ ^ ■ ■ ■ , '-I • ■ ' ■ ' 

Now, in the original concept of centrifugal iorce., it was thought.. 

that in some mysterious way a force acted outward fr6m the center on' tti& . 

ball, causing the string to remain taut « We have shown that no such force ^ 

-.exists o The only force acting on the ball is the inward one — centripetal force 

In recent ^ea^^s there has been an inclination among physicistsVxo 
regard centrifugal force as a reaction to centripetaTi force and thus change 

, the concept itself c We know that an inward force is, applied to the:,b£iil; 

..this automatically means that another force having the same magnitude, but 
opposite direction must be applied to which of these?- • • . , . 

(40). 

• A Ballo ' 
• B String o 
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YOUR ANSWER C 



Statement C is quite accurate but, unfortunately, it has nothing to do 
with the information in notebook entry 2(h), 



Please return to page 133. Try againi 



ERIC 
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YOUR ANSWER ™ C 



You are correct. The three proportions should be combined into the 
single proportion shovm xn the answer. But remember ^ please, that the 
combined form represeaC:-. a series of ubree assumptions which h&ve yet to 
be verified . 

As a first step, let us do a unit check on this expression , making 

still another assumption: we shall assume that k equals 1 and that Ic is 

diitensionlesSo. Then, we'll v^xpress the mass (m) in kilograms, the velocity 

(y) in meters per second, and the radius (r) in meters o If all our . assumptions 

are correct, then F should come out in newtonso 

c 

F ^ gee ^ Jcg, . ■ 

c X sec 

Were all our assumptions correct? 

(12) 

A YeSo - 
B Noo ' " ■ 

C I don't knoWo 
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YOUR ANSWER B 



There are at least two errors in this solution. 



If you work out the units of this expression, you get something like 

this: 

Gi^en: G - '"e " ^S, = kg, r - m. 



Substituting: v - (j-^^— 2) 

° kg-sec m 



sec* 



But velocity is not measured in the square of meters per second times 
kilograms. 

So, work out the problem carefully. 



ase return to page 20 and choose another answer. 
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YOUR ANSWER A 



You ^ re getting your squares and square roots mixed up agaiUc The 
speed V is directly proportional to the square root, not to the square, of 
the planet's masSc 



Please return to page 40 and try again- 
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YOUR ANSWER B 



If quantity a varies inversely as the square of h, then you would see 
this form: 

b2 

However, in the satellite speed equation, the form is entirely 
different 0 We might rewrite it as follows: 

Since G is the constant of universal gravitation, and the mass ot the Eaith 
nig is constant as far as we are concerned, then the product Gm^ may be 
replaced by a constant to study the proportion* 




Surely this form is not the same as a - k/b , is it? Hence, the speea 
cannot be inversely proportional to the square of the radius c 



Please return to page 122 and choose another answer 
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YOUR ANSWER A 



If the magnetic force is to serve as the centripetal force, then it 
cannot act along the tangent c A force acting along the tangent could increrse 
or decrease the instantaneous speed of a particle, but it could no^ change 
its direction o Remember that the direction of a particle, movin g in _a circl e 
is constantly changing ^ 



Please return to page 124 o The other answer is correct. 
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YOUR ANSWER B 



This answer indicates that you may not have underslood the question 
or that you can't recall exactly what happens in such a situation- Your 
f-»iger, through the medium of the string, must exert a centripetal torce 
inward alon g th e radius of the circle as the ball is whirled a;:oo.nd, ■ As we 
have explained, the inward or centripetal force must act toward the center 
of the circle at all times, requiring you to shift your pulling direction 
continuously o Normally, the human muscular coordination is more than ade-" 
quate to make this continuous shift more or less automatic; you don't have 
to think about ito 

Now as the ball is whirled at a greater speed, the need to-i centripetal 
force still exists, of course. The question is, will the force leqoiixed tc 
keep the ball in a circular path be greater, smaller, o-r the s^me fo^ high 
speed as compared with the force at ]!ow speed? 



Please return to page 10 o Select a better answer. 
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YOUR ANSWER ™ C 



You are correct: = BC is too short and DC is too long for either to be 
the radiuso But this is a real situation; certainly , a ball can be whirled 
on a string with a definite and fixed radius of rotation « 



There is a point in (or hear) any body regardless of its shape at 
which we may consider all of its mass to be concentrated < The mass is not 
actually concentrated there, of course, but by establishing such an imaginary 
point, problems in rotation become soluble For example, if we consider all 
the mass of a uniform sphere or of a "erfect uniform cube to be concentrated 
at the ge ometric " center ^ this point may then be taken as the particle which 
cetminates the radius = The point where all of the mass of any body may be 
considered to be concentrated is called the center of gravity of the 
body« Onr course of study does not permit an extended discussion of the center 
of gravity of oddly shaped bodies such as cones, pyramids, cylinders, and so 
forth, but we feel that you should be exposed to the idea very brieflye 

One important "characteristic of the center of gravity is this: if 
you plcice your finger immediately below the center of gravity of an object 
(along, a vertical line), the body will balance on your finger o To see Figure 
16 which illustrates this^ turn to page 73c 
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SPHERE 



CUBE 



CYLINDER 



CONE 




' CG 




Figure lb 

Figure 16 shows 4 geometric objects: a sphere^ a :.ube, a cylinder:, 
and a conee In each case, the object is balanced on the po:Lzit ci an ^iiow 
placed immediately below its center of gravity iS%) . 

In many solid shapes, the center of gravity coincides with the geo- 
metric center*, This is true, for example, in a uniform sphere, cube, or 
cylinder; but it is not true in a cone or pyramid. 





Figure 17 

The geometric center of a cone or pyramid may be described as hjilt-way 
between its apex and its base along the major axiSo As you probably guessed^ 
the center of gravity for each of these shapes, however, is not haif-way along 
the major axis but rather close to the base than to the apex. No matter in 
what position you place a cone above a pointed support, it will be balanced 
if its center of gravity is immediately above the point of support along a 
vertical line^ 



Please go on to page 74, 



In cxicular Tnct.ion, we. ate most: often :oncecned with spherical bodies ^ 
For oor torthcciniiig work on satellites, it will ^surrice to conoidei saceliites 
as spheres so that we can refer to them as bodies ra:her than particieso 
The radxus of rotation is measured r:tom the centeic ot the circle or rotation 
to the center ot gravity ot the sphere. 

The Earth possesses one natural satellite, the moon. The Sp5ce Age 
began with the dramatic ascent of a tiny object, Sp^^tnik I, the fi:st man- 
made satellite, which was successf "jlly place into oibit by the U.S.ScR 
Today ii-cerally hundreds of man-made moons revoi.ve around the Ea^cth m the 
outer fringes of our atmosphere. 

Naturally, we are interested in the physics or a satei...ite ' s orbit o 
How fast muse it move to stay in orbit? Must a heaviei satellite move laster 
ot mere slowly zhan a lighter one to remain m the same stable orbit? How 
dc€L-, the radius ct the orbit (distance between the center of g.^tavity or the 
sateiiite and the cex^-ter of gravity or the Earth) aifetr the speed ice.Quized 
■c keep the satellite there? If we projected a ^ sate^^lite f rom Mars, vcovld its 
speed be the same as for a similar orbit ai:our^ the Earths 

We know enough to answer all these questions nowl Let's take tham one 
at a time. Before we do, however, we'll want to get a general qualitative 
picture of the satellite orbits. 



Please go on to page 75 o 



o 
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Figure 18 shows a satellite being launched fzom point A. Its initial 
path is vertical or nearly so to point Bo A-atomatically , or by radio control 
from the ground, the satellite vehicle is turned into path BC. At C the 
satellite separates from the last rocket stage and becomes a "free agent c" 
Driving power, active from A through. C, is now gone. The satellite's 
future behavior will be determined only by natural forces 




-SATELLITE 



Two possible paths of the '*free" satellite are shown in the diagram, 
CD and CE. Under what conditions would the satellite take path CD, a 
perfectly straight line? 

(30) 

A If a large amount of driving power had been supplied to it by its 
rocket at the moment before separation, 

B If point B were at an altitude of at least 1,000 miles » 



C If gravitational force from the Earth did not act on it. 



YOUR ANSWER — C 



You are corrects The motional state that describes dynamic equi- 
librium is uniform velocity, a state in which neiihei the speed not the 
direct ton of the motion changes. 




(A) (B) 
Figure 1 

In Figure lA', a particle P, initially moving with uniform velocity irom 
left to right is acted upon by a downward force causing it to change its 
direction of motion as at P'^ In Figure IB, the same particle with the: same 
initial velocity is acted upon again by a downward force, but you will notice 
at once that the appearance of this deflection is diffeient than the previous 
one. We might describe the deflection in lA as sharp while that in iiB 
might be described as gradual o 

There are several possible explanations for the difference m 
deflection m the two cases*> At this moment, however, we are concerned with 
just one of them. In the following list, only one of the possibilities 
could account for the difference in deflection^. Which one is itt 

(2) 

A F is a pushing force, while F' is a pulling force,. 
B F' is acting for a longer time than Fo 
C F* is a force of larger magnitude than Fo 

D The particles in the two cases may have different masses and hence 
different inertias « 
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YOUR ANSWER C 



Refer to Figure 13 on page 50* 

Perhaps you did not notice that we said the string became slack again 
at the very instant the particle was restored to its position on the circle 
at point C« Thus, from C to D the string is slack and cannot exert a force 
on the particleo With no unbalanced force acting on it, the particle must 
have moved with uniform velocity from C to D, We must conclude, then, that 
it did not accelerate at all along this patho 



Think it over* Then return to page 50 and choose a bettei answer = 



ERIC 
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YOUR ANSWER A 



One of the conversions in this list is incorrect. It might help if 
we reminded you that there are 100 cm in one meter and 1,000 g in one kilogram 



When you locate the error, tne list of values will be correct.. Find it: 
then return to page 56 and select the right list. 



ERIC 
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YOUR ANSWER B 



You are correct. The acce^erancn prcouced by an unbalancea force 
acting on a mass takes place in the direction ct the force . ALWAYS I This 
is a physical law because there are no known exceptions to it« 



Now we want to apply this idea to centripetal force* 



In Figure 12, a particle is moving in a circular path with uniform 
speed and is shown in three instantaneous positions, , P2, and P30 The 
force required to maintain the circular motion for each instantaneous position 
is designated as Fj^, F2» and F3, The force at each position is, of course, 
the centripetal force and, as shown, is directed toward the center of rotation o 
In accordance with the discussion we have just completed, if the force acts 
toward the center of rotation, then what must the particle do? 



A It must accelerate away from the center of rotation at the instant 
of application of this force* 

B It raust accelerate toward the center of rotation at the instant this 
force is applied c 

C It cannot be accelerating at all since its speed is constants 




Figure 12 



(25) 
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YOUR ANSWER A 



There are two errors in the combined form, 



First, F^. was assumed to be directly proportional to v on the basis ot 
rough experimental evidence » Your combined form shows an inverse ptopottion 
between these two variables. 

Second, F was assumed to be inversely proportional to r, also on the 
basis of a rough experiments Your combined form indicates a direct propoition 
between these variables o 

Be sure to keep the inverse and direct proportion straight. 



Please return to page 59c Study the remaining possibilities and make 
your next selection righto 
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YOUR ANSWER C 



You ?• . correc'c o The full solution follows: 

F ^ ,, 80 kg X (20 m/sec)^ - 
c . r "20 ra 

„ 80 X 400 kg-m , * 
p Si .-.fe™^ « 1,500 newtons 

Try another probiemo This time'j a 980-gram ball is whirled in a 
horizontal circle the radius of which is 36 cm a . Wli&t is the m^ximOTi speed 
it can have it it is not to break the string? This particular string will 
break, if 49 nt of force sire exerted on ito ' . - ' . 

Note carefully "that the iinits given are CiGS rather^ than MKS, except 
for the breaking force « Before starting your solution, be sure to convert 
the units that need changing in order to get all the quantities in a single 
system of measurements, 

Sol-ve the problem and determine the maximum .speed of the ball for 
the conditions described. The first step should be to solve the literal 
equation so that the unknown la alone on the left of the equals sign a Which 
of the following is the correct literal solution? ■ 

(18) 



; F^r 
m 



m 
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YOUR ANSWER ~- B 



This is not true^ It may be that th*2se actions and changes are so - 
commonpiace to you that it^s difficult to stop and figure out what really, 
happens* However, it is unreasonable to expect that fhe force will decrease 
with decreasing radius o . Refer to"' Figure 10 « . 



A C 




B D 



Figure 10 

We have drawn two arcs, AB and CD, from the same center but with 
different radiic For .comparison purposes the actual lengths of the arcs 
are very nearly the same. ■ Note how flat CD is compared with AB« Or in 
other words, note how great the curvature of AB is as compared with CD. 

Thus, arc CD approaches a straight line more closely. than ABo This, 
in turn, means that CD is less of a. departure from dynamic equilibrium 
than AB; hence less centripetal force would be required to produce circular 
motion when the.tadius is r^^ than when it is r2c 



Please return to page 30 o Choose the other answer. 



ERJC 
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YOUR ANSWER D 



Statement D is quite true but is not a summary of notebook entry 2(h) 
Check your notes again c 



Please return to page 133 and select another possibility. 
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YOUR ANSWER B 



No, that^s nor correct:* 



it F kv , then the chart tor these tria.ls would lock like this a^ak 

k « A i : 







V 




3Gi 




(Trial 


i) 


1 .0 ra/sec 






i nt 


(Trial 


4) 


2,0 ra/sec 


k(.2 5^- 


Si 


8 nt 


(Trial 


5) 


3.0 m/sec 


k(3): 




27 nt 


(Trial 


6) 


4o0 m/sec 


k(4:}-^ 




64 nt 



(Taking k =« 1 is not actually necessary, but it does make our atxthxaet 
,/§oinfewhat simpler c ) 

Well, our chart does not show these experimental results l^r the 
trials listed o This means that the expression kv^ does not meet the 

requirements of the data ; hence it cannot be the correct relation* 



Please return to page A2 and select a better answer 
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YOUR ANSWER — C 



You are correct. The unbalanced force due to gtavicy acting on the 
satellite causes the satellite to follow a cui red path (CE) . 



Like the planets and the moon, artificial satellites move m elliptiCoL^ 
orbits. For our purposes, however, the assumption ot a circular otbit to 
make our calculations easier will do no harm. So let us say that CE is the 
arc of a circle* 

Wc are ready now to tackle the first question: How fast must the 
satellite move to stay in orbit? 

The gravitational force between the satellite and the Earth is the 
centripetal force that causes the satellite to follow a circular orbitc 
From the Law of Universal Gravitation, we have: 

This is the gravitational force that affects the motion of the sateiiite 
The mass of the satellite is represented by mg, the mass of the Earth by m^, 
and G represents txic constant of universal gravitation. (See notebook ent^y 
1(d) for Lesson 9. You should refresh your memory in regard to the xelaxivt 
magnitude . and units used for G*) The distance between the centers of gravi ty 
of the satellite and Earth is s3rmboJ ized by ro What is the approximate 
value of r when the satellite is still on the Earth's surface? 



Write your answer; then turn to page 860 
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CORRECT ANSWER: At the Earth's surface, the value of i is approximatelv 
4", 000 miles. 



We may take the separation between centers of gravity as the radius 
of the Earth, namely 4,000 miles* The satellite is so tiny compa/ced lo the 
Earth that its radius is inconsequential, even in precise caicuiaticns 

For the general situation of a satellite the centripetal totze needed 
to keep it in orbit is gravitational force: 

g 

But we know that centripetal force is also given by the expiiessicn ; 

F - IB^^ 
c r 

In this expression for centripetal force, which mass doos m symbciizc 
for the motion of a satellite around the Earth? 

(3D 

A The mass of the satellite. 
B The mass of the Earth* 



C The combined mass of both Earth and satellite « 
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YOUR ANSWER B 



Refer to Figure 3 on page 1 15.. Between A and B, the particle moves 
in a straight line^ Assuming that the speed is uniform as directed in the 
figure, then neither the speed nor the direction of the particle is changing. 
It is in dynamic equilibrium in this region and there ate no unbalanced forces 
acting on itc The first part of your answer is, therefore, correct. 

From E to F, however, the path is a smooth curve. As we have seen, 
a particle will traverse a curved path only if an unbalanced force acts on it 
to cause the direction of its velocity vector to change^ There must be an 
unbalanced force acting on the particle from E to F«. This part of your answei 
is therefore incorrect c 



Please }ret:urn to page 115^ Choose a better answer o 
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YOUR ANSWER — A 



This doesn^t even look right. And with units substituted, it comes 
out like this: 

m-^ '> 2 3 3 

Given: G » teg-sec ^* » kg , nig « kg, r =» m . 

3 2 

Substituting: v ^ L^ 

sec^ 



But velocity is not measured in the square of kilograms per set:oua 



SOy work out the problem carefully o Please return to page 20 and lock 
over the other answers c 
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YOUR ANSWER A 



This does not foliov; trom a study of the equation you Just deilved^ 



A little earlier we showed that a proton must move more slowly 
in a given orbit than an electron in the same orbit with the same centtipeta 
force applied because the proton is more massive^ This probably helped you 
reach your conclusion. 

The difficulty with this kind of reason! ,^ is that you are pronfe to 
forget something. The magnetic force acting on the proton &nd electron was 
the same for both. But in connection with satellites , the heavier (or trioie 
massive) satellite will have more force acting on it since the foice is due 
to gravitation^ So the two situations are not the sameo 

Look at the equation critically* Does the mass of the satellite 
appear in it anywhere? What does this tell you about the dependence of the 
speed of the satellite on its mass? 



Please return to page 52c Choose a better answer 
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YOUR ANSWER — B 



There are thsree errors in the. combined form you have selected. 



First, was assumed to be directly proportional t ^ v on the basis 
of rough experimental evidence o Your combined form shows an immerse 
prDpcrtlon between these two variables 

Second^ was assumed to be directly proportion*^), to m, also on the 
basis of rough experiment c Your form shows an inveriie proportion betweeri 
F^. and m . 

Third. was assumed to be inversely proportional to r. Your choice 
Indicate® a direct proportion between these variables o 

Somehow, there was an inversion of the position of all three variable 
Be sure to keep the inverse and direct proportions straight* 



Please return to page 59 and select an answer that m^^ets 'che conditio 
of the problem 
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YOUR ANSWER A 



Refer to Figure i3 on page ^6. It you placed a piece ot chaiK at 
Point B and then drew a circle around C using a piece of string ot length 
would this circle coincide with the one already there? No, it would nct« 
Yet, by this definition, r would be the radius of the new, smaller ciicie 
you just drew« So the radius of the original, larger circle extends more 
than from B to C« 

V 

Please return to page 46 and select another answer keeping the above 
discussion in mind. 
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YOUR ANSWER B 



You're joshing us I 



I massive enough, and it will pull you righr off your 

«rL ^he end of a string,' I ■ " 

large mass has a larga inertia and therefore tends to keep going in a s-.ai.h. 
line with a tremendoun ."determination, " To overco.. this inertL of m^;!:;' 
for a large mass, what must be true of th.> magnitude of the centrlpet^rror 



Please return tu page 26. Choose the alternative an 



FRir 



93 



YOUR ANSWER B 



You are correct. The orbital radius is the sum of the Earth's radius 
and the altitude, or 4,000 mi + 250 mi = 4,250 mi. 



Now look at the proportionality form of the speed equation: 

k 

/? 

Our object is to determine the radius of a stable orbit f oi a new 
speed of 9^000 mi/hro This is half the original speed . The next step may 
not be necessary for everyone, but it is straightforward and recommended. 

Since the radius r is the unknown, we'll solve the proportion tot 

k k 
V » becoTi^es JZ - — 
V r V 

Squaring both sides, we get: 

k 

r * — 2 



At half the oi^'ginal speed, we may write; 



r' a — where r* is the new radius. 
(l^)^ 



or f k I 

J. „ ^ — 2 or r « 



Since r « k/v and r' ■ Ak/v'^, then how many times as large is the new 
radius compared to the original radius? 



Write your answer; th(»n turn to page 94* 
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CORRECT ANSWER: The new rctdius must be 4 times as large as the oiigmaji 
radius » 



In short, if the speed is to be halved, the orbital radius will hcvc: "C 
be quadrupled. The original radius was 4,250 miles, so the new radius wia^ 
have to be 4 X 4,250 = 17,000 miles. 

To find the "altitude of the satellite, we subtract the radius or rhe 
Earth from the orbital radius and obtain 17,000 mi - 4,000 mi ^ 13,000 mi 
Thus the new altitude is _52 times as great as the o riginal altitude . A 
^.rather surprising answer, isn't it? 

Summarizing our conclusions thus far: 

(1) The speed of a satel lite in orbit is given by the eqii^^'Clon 

, . 

(2) The mass of a satellite does not enter into the caicuiaticns 
of its speed. 

(3) The speed of a satellite is inversely proportional to the 
square root of the orbital radius. 

Our last question:- If we projected a satellite from Mar s, woui d lih. 
speed be the same as for & similar orb it" " around the Earth ? By "similov 
orbit" we mean an orbit of the same radius, not the same altitude. 

How would you answer this question? 

I (37) 

1 

A Yes . 
B No, 

C I don't knowc 



ERIC 
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YOUR ANSWER D 



Your answer is not correct; one of the equations given is a correct 
simplification of the original statement. 

The original equation reads: 

2 2 
rp rg 



You are supposed to make use of the fact that the proton and election 
move in circles that have the same radius o That is, r Well, if 

^ ''^p> then why not drop the subscripts and rewrite ?he eqxsation this ways 



2 2 
HlpZp- » Mel 
r r 

A simplification is now possible with an r in the denominator of each 
fraction* Try multiplying both sides of the equation by r^ !Jhat do you gei£ 



Please return to page 17. You should have the answer now* 
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YOUR ANSWER B 



You are corrects Refer to Figure 13 on page t)U. The force F is 
applied over path BC, causing the particle to accelerate toward the centen. 
We pointed out that the particle moved away from the center by the amoorvc 
BC while it was moving from A to B; then it was accelerated toward the ceriUt: 
along BC, exactly compensating for its retreat from the center o\f&i the 
previous path . This retreat and return would be repeated over and cvez as 
the string is first slackened and then tightened again» You mighc view this 
action as one in which the particle is repeatedly moving away fiom the zBra.e) 
by the same amount that it is being accelerated toward the centet , theieiore 
keeping its average distance from the center the same ovei the cxxcu x ^i £«£h 
So it ±s_ possible for a particle to accelerate toward the center ct zotacicri 
without ever falling into it I 



Please turn to page 97. 
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Now, suppose we made the interval between jerks smaller and smaller 
as in Figure lA, This would not alter the action as described above; it 
would simply cause the little central accelerations to occur more frequently 
so that the "sawtooth*' motion would begin to look smoother and smoother c 
Finally, when the jerks were so closely spaced as to appear smooth, the path 
of the particle would bi^co^^e a • 




Figure lA 



After completing the sentence above, please turn to page 98c 
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CORRECT- ANSWER: \<h^n the jerks were so closely spaced as to appear smcoth , 
tKe path of the particle would become a circle » 



The foregoing analysis was intended to help you see that a particle 
moving in a, circular path must accelerate toward the center concinucijisiyc • 
If you wish, you can think of a circle as being composed of an infinite 
number of sawteeth, the leading edge of each tooth representing che ^'railing 
inward" of the particle to compensate for its outward motion during the 
other, part of the tooth patho 

I . , . ' NOTEBOOK ENTRY ' . | 

' Lesson 10 ) 

i * ■■ " • . . ■ ■ ' " I 

\ Centripetal accelerat ion • i 
j (a) When a particle moves in a circle, it accelez'ates continuously 
I toward the center of rotation^ This acceleration is a result of a change ot 

j direction of its velocity rather than a change of magnitude » The particle j; 

j does not gradually approach the center of rotation because it is falling \ 

outward continuously due to inertia just as fast as it is falling inwaM due i 

. to the central acceleration o ' . . ? 



ERIC 



NoWj what is the magnitude of centripetal acceleration ? 

. Like any other mass in motion, a particle moving in a circle must 
obey Newton's Second Law of Motion • 

As a refresher, complete this statement: the general form, of New-^ 
ton's Second Law may be written as 

(2?) 



A a 



F" 
m 



B a « — 



C a « Fm 
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YOUR ANSWER A 



All the known quantities have been expressed in the MKS system. You 
even went to some trouble to convert some of the data. This would mean that 
your answer could not h^ presented in the CGS systemo 

Without committing ourselves as to the accuracy of the numerical 
part of the answer above, we must insist on the result being given in MKS 
unit J. This is not meant as a trick, but we hope that you are learning to pay 
closer attention to the units as well as the numerical values of your answers. 



Please return to page 31 and choose another anwer. 
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YOUR ANSWER B 



This won't do. ^^Jlpvrre doing some strange tricks with squares and 
square roots* 



Let's do it one step at a time. The equatit-n is: 

2 

c * r 



We want v, the unknown, on the left side all alone* Henc^p^ we -lar, 
multiply both sides by r/m to eliminate m and r from the right side. 

2 

r mv t 
c m r m 



F r 2 
— c — => V 

m 

2 

We want v, not v , as the unknown* To do this we must 'C^^ke the 
square root of both sides n You evidently squared the right side rather thcin 
taking its square r.ootr This was your error c 



Please return to page 81c Repeat the manipulation; then choose the 
correct answer c. 
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YOUR ANSWER A 



Refer back to Figure 1 on page 76. 



Of course, either of the two forces might be a pulling or a pushing 
force. No mention of this was made in the statement of the circumstances. 
However, whether the force pulls or pushes, its effect is quite the same« 
You may remember from your study of composition and resolution of forces in 
Lesson 7 that any force could be treated either way, and that there is no 
difference in result if we consider the force to be pulling or pushing* 

Therefore, the answer you selected is not correct. You can't account 
for the difference in deflection on this basis- 



Please return to page 76 and make another choice. 
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YOUR ANSWER B 



You should be able to see the error of this answer by reviewing the 
situation from the point of view of inertia of motion, A proton is much 
more massive than an electron. Thi^ mass gives it more inertia. There- 
fore, a proton has a greater tendency to continue to move in a straight 
line than an electron* Now, to change its direction of motion — to make it 
move in a circle rather V.han along a straight line- — you would have to exert 
a centripetal force, on it* But if its tendency to keep moving in a straight 
line is stronger than that of an electron, how would this, centripetal force 
compare with the force needed to duplicate the action for the electron? 

Do you remember how force and mass are related in the expression 
^c rav^/r? 



Please return to page 140 and choose a better answer « 
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YOUR ANSWER C 



You must have gotten the column headings mixed. 



s not the same in 
in the next, and 



- ■ ^ • 

Look at Trials "4 through 6. Observe that'the speed- i 
these _trials; it is 2.0 m/sec in the. fourth trial, 3.0 m/sec 
4.0 m/sec in the next, .» 

r.hh. f^^^"^^' ^^^^ in Trials 4 through 6 the radius is held constant, 

while your answer says that it was varied. It was varied in Trl^is 7 through 



Please return to page 118. Select an ati<?.-ar that fits the facts. 



1 
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; YOUR ANSWER B 



Yon s>xe correct c By. assuming k to be dimensioniess in the fit&t 
place and then by substituting and discovering " that tiif-ns out to be in 
newtoas as it should, we have justified .the initial asstirnption^ 

A notebcck entry is called for hei^eo ' 



I ■ NOTEBOOK ENTRY ^ . " |' 

I ■ Xeason " 10 . . i 

! (Item 2) •' ■ - (■ 

I ... ■ ' ^ 

f . . . r 

I (b) • If a' particle of mass m kg moves in & circle vhose radios la t mete.z-^'^ 

I jWith a speed of ^^' m/sec, then- the centripetal i^'^c^ acting- oin it Ib*- i 

I ■ . c ^, newtons . . j 

- 1 

(c) Verbally, this equation may be given as: the .centripetal fe^ce \ 
acting on a particle moving with uniform speed in a circle" Tari^s ditectiy | 
; as the mass and the square of the speed and inversely as the radi'uis of the |" 
cir'cle of rotation o ■ . . ' ! 



. Let's try a.. telaitively eaisy probleta involving these concept 

An 80-kg man rides in a car which makes -a sudden tutUo He mB'^e^i:- al 
a ciuofe of . -radius 20 m at a speed of 20 m/se.Co "What cent^ripetai force 
acts -on' him? .1 

'Write the equation, make the necessaity siabstitutions in c lii3;din g units 
and then solve -for the , centripetal force a What is the eorreet answer? 

(17) ■ ^ - ' 

A 80 nt 

B 160 nt ' - 

C 1,600 nt 



ERIC 
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YOUR ANSWER C 



The unknown is the speed of the ratellitec In solving an equation, we 
always try to get the unknown alone on the left side of the expression, 
isolated from the other quan?:ities* 



In that case, you don't want to solve for the mass of the satellite » 
Please return to page 111 and try again. 
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YOUR ANSWER C 



No, this is not so o Refer back to Figure 1 on page 76o Without goivig 
into too much detail on the subject, isn't it fairly apparent that if F' 
had a greater magnitude than F, the deflection in B would tend to be sharper 
that the deflection in A? If a rubber ball is rolling along the ground past 
you, and you want to send it off on a new path by kicking it sideways, you 
would find that the harder yoa kick it at right angles .to its path, the 
sharper would it curve offo 

So, here is another factor upon which the sharpness of deflection 
depends: the magnitude of the force applied perpendicularly to the initial 
patho But forces of larger magnitude will cause sharper deflections, not 
the other way around o 



Please return to page 76 i Consider the remaining answers logically 
before making your next choice o 



ERIC 
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YOUR ANSWER B 



If you note "hat m, the mass of the planet, appears in the numerator 
of the equation: 



this should tell you at once that there is a direct kind of relationship 
between mass and speeds That is, as the mass increases, the speed increases 
as the mass decreases, the speed decreases. 

Thus, if the mass of Mars is only about 1/10 that of the Earth, then 
m for Mars would be 1/10 m^. Would this make v for the Martian satellite 
larger or smaller than for the terrestrial satellite? 




Please return to page 135; select the other answer. 
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TOUR ANSWER A 



Your answer implies that the orbital speed is independent of th e mass 
of the planet around which the satellite moves o In the equation: 




we know that G is a universal constant, equally applicable to problems 
involving either Earth or Mars or any other planet; we also are working on 
the basis of the same orbit around Earth and Mars, so r is the same tor each 
case; but how does m^ come into the picture? The subscript "e" vas used 
to indicate that we were speaking of the mass of the Earth o For a Martian 
satellite, we would have to replace m^ with m^y the mass ot Mars« 

From this, it should be clear that the oibltal speed of the saiteilite 
is certainly dependant upon the mass of the planet o^iound which it moves, 
The mass of Mars is about 1/10 that of the Earth. 



Please return to page 94 and pick an alternative answez « 
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YOUR ANSWER A 



This statement is not true I The particle is moving at unl i orm speed o 
All this means is that it traverses equal distances along the arc in equal 
timeo But velocity is a vector quantity that can be fully described only by 
specifying both its magnitude and its direction^ Two velocities may be said 
to be the same only if their magnitudes are equal and if they have the same 
direction^ 

A particle moving in a circle at any given instant in time has a 
velocity directed along the tangent to the circle at that point « We call this 
the instantaneous velocity ♦ This concept will be more fully explained a bit 
later o Refer to Figure 8 on page 146. The tangent is, of course, perpen- 
dicular to the radius at that point, so the vector v^ is drawn at right angles 
to its radius (OP) and the vector ^2 similarly drawn perpendicular to lies 
radius (0P*)» Now, do the instantaneous velccities Vj and V2 have the same 
direction? Can they be said to be the "same?" 



Please return to page 14^. Select the correct answer ^ 



no 



YOUR ANSWER D 



This is incomplete reasoning. The equation definitely gives the 
required information « 

Kerens a clue by analogy. In the study of falling bodies near the 
Earth^s surface, we found that the final speed of a stone as it stilkes the 
ground is given by the relation: 

V « gt 

if it started from resto In this equation, g is the acceleraition co 
gravity, while t is the time of falio Now we note that the mass ot the stone 
does not appear in the equationo This means that the final speed oi the failing 
body does not depend on its mass at all because. If a dependency existed 
between speed and mass, then mass would show up in the equation o 

Now look at the equation above. Does the mass of the satellite appeaz 
in the equation? Do you remember that mg canceled out during the siYnpli- 
fication process? Now use your judgment. 




Please return to page 52 and choose a better answer. 
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YOUR ANSWER A 



You are correct • The mass of the Earth is not at all involved m 
expressiono 



Thus far we have: 

Centripetal force supplied by gravity: 

F - (Me 

g t- 

and the general equation for centripetal force is: 

F - !2sZ^ 
c r 

Note that we are using mg rather than m in the second equation. 

Since both expressions give the centripetal force on the sateliit 
then Fg « F^, and we can equate the right sides of the equationSo Thus, 

2 ^ 

— a G~^^ (Copy this on scrap paper,) 

We are trying to answer the question: How fast must the s.atellit 
move to stay in o rbit ? To get the equation in the form most suitable ro 
answering this directly, what should you solve it for? 

(32) 

A r 

B V 



C mg 

D I don't know« 



112 



YOUR ANSWER A 



We have just shown that « krav^/r comes out in newtons when k is 
assumed to be unity and dimensionless had when the proper MKS units are 
substituted for the other quantities. 

If, as you say, k is also measured in newtons, then we would have: 

2 

mv 

» k X r 
(newtons) (newtons) 

I 

or F = (newtons) x (newtons) 
c 

F^ » (newtons) 

So you see that taking k as measured in newtons fotces us co come to 
an impossible conclusion. Force cannot be measured in (newtons) o Hence, 
k cannot be measured in nev/tons. 



Please return to page 149 and make a better selection o 
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YOUR ANSWER A 



You have made a very common error o Your reasoning probably went 
something like this: since the centripetal force pulls inward towazd the 
center of the circle, then when it ir? removed by cutting the string, the 
particle will move in the opposite direction or outward away txom the cem.Qt 
along the radius. 

This is not soc You must remember that the particle is moving at a 
tangent to the circle at every instant in time and that the centripetal iciL^e 
is applied for the purpose of changing the motion from linea r to circular 
osctionc So, it the centripetal force causes the motion to change fzom linean 
tc circular, the removal of the force must permit the particle to teru-iTw 
to linear motion a long the same line ' it was following at the instant wheri the 
string was cut o Btt was the particle flying outward from the cente:; along 
the radius at the instant of cutting? Which way was it flying? 



You should have no difficulty in choosing the correct answer now 
Please return to page 150 o 



1 
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YOUR ANSWER B 



You are correcte You can see that the curved part ot the particle's 
path in B is longer than the curved path in Ao Now let's see what this means o 

TIME OF FORCE ACTION TIME OF FORCE ACTION 




(A) (B) 
Figure 2 

A moving particle will continue to change direction only as long £S 
an unbalanced force acts on it . The moment the force is removed, the particle 
is restored to dynamic equilibrium and returns to its uniform velocity mention. 
Since a curve in a path signifies steadily changing direction, then the 
unbalanced force must be acting on the particle throughout the time that it 
is moving in the curved path. Figure 2 shows the relative durations 
of the forces for the two cases ^ 



Please go on to page 115. 
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To check your grasp of this idea, suppose you now refer to Figure 3< 
PARTI CLE-^^ 



B ? 



C 



ASSUME 
UNIFORM 
SPEED FROM 
A TO G 




Figure 3 

Over which ranges of the particle's path is there no unbalanced iolC 
acting on it? (If you wish Co see the information on the previous page 
once more before answering the question, turn to page 114«) 

(3) 

A A to C and D to Eo 

B A to B and E to Fc 

C A to C and F to Go 

D Only over A to Co 
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YOUR ANSWER C 

When you say this, you imply that the centripetal force needed to 
produce a certain circular path at a certain speed is completely itidependenic 
of the mass of the moving particle o Surely you can't mean that I The 
dependence is evident both from your own experience in whirling light and i 
heavy objects on strings and from the mathematical analysis we have just . 
completed • The following expression definitely states that che foice 
required is directly proportional to the mass of the moving particle. 

2 

F « 

' c r • 

The force needed to keep a proton in the same circle at the Sd^me 
speed as an electron is very different from the force applied to the election 

] • 



Please return to page 140 and select a better answer. 
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YOUR ANSWER B 



You are correct in your selection of this answer.^ 

The fact that we do not get force units on the right side oi the 
expression above shows that one (cr more) of the following must be true: 

may not be directly proportional to m, 
or may not be directly proportional to v, 
or F^ may not be inversely proportional to r, 
or k may not be unity or it may have units of its own or b^ath. 

Short of a rigoroiiis derivation of the equation for the magnitude of 
centripetal force in terms of the mass and speed of the rotating particle 
and the radius of the circle it describes, there is only one other way to 
find out which of the above statements is or are actual fact. We must 
perform a quantitative experiment in which we determine the actual efrect 
of v, and r on the centripetal force « 

Figure 11 is a chart showing the results of one possible experiment 
along these lines. Copy this chart into your notebook o 



DETERMINING THE RELATIONSHIP OF F^ TO m, v, AND r. 





MASS (m) 
KG 


SPEED (v) 
M/SEC 


RADIUS (r) 
M 


MEASURED FORCE IN ' 
NEWTONS (F^) = 


j TR1A7 1 


loO 


loO 


loO 


1,0 ; 


TRIAL 2 




KO 


1,0 


2,0 


! TRIAL 3 


3«0 


i.O 


loO 


3,0 


TRI.AT, 4 


1,0 


2,0 


1,0 


4,0 


TRIAL 3 


loO 


3o0 


1,0 


9,0 


L TRIAL 6 


loO 


4c0 


1.0 


16,0 


r TRIAL 7 


1 = 0 1 


L,0 


2,0 


0,50 f 


1 TRIAL 8 


KG 


1,0 


3,0 


0,33 i 


1 TRIAL 9 


1,0 


1.0 


4,0 


0,25 1 



Figure 11 



Please go on to page 118o 
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Study the numerical results of the "experiment" carefuilyo You will 
see almost at once that the experiment was performed by allowing only one 
variable at a time to change value while observations were made of tha 
effect of this variation on the centripetal force, F^c All units used as.e 
preferred MKS unitSo The numbers are given to two significant figures, 
except in one case where we violated the rules just a bit to retain clarity. 

As a random example, look at the figures on page 117 for Trial 'K The 
mass of the particle was 1.0 kg; its linear speed in the circle was 1.0 m/se;; 
the radius of the circle of rotation was 2^0 Then when the cenrripeta.! 
force needed to maintain this circular motion was measured, it turned out 
to be 0.50 nt^ 

As a further check on your interpretation of the chart of Figure iiii, 
suppose you pick out the only true statement belowo 

(14) 

A In Trials 1 through 3 mass and radius were held constant, while 
the speed was made to vary* 

B In Trials 4 through 6 mass and radius were held constant, while 
the spaed was made to vary* 

C In Trials 4 through 9 mass and speed were held constant, while 
the radius was varied. 

D In Trials 7 through 9 speed and radius were held constant, while 
the mass was varied. 
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YOUR ANSWER C 



Possibly you are not ^sufficiently familiar with the characteristics 
of a parabola to answer this question* Without going into unnecessary detial on 
this subject, we can show you quite easily why curve DH cannot be part ot a 
parabola c 

Refer again to Figure 4 on page 43c Your attention was directed to 
the fact that the string's length was constant during the interval when tne pai:- 
tide was describing curve DH« If you tried to draw a parabola (see Figure 6; 
with a pencil on one end of a string while the remote end ot the stiing was 
connected to a fixed point, you would find it impossible to do sor A p&tatola 
is the kind of curve that opens outward as it is drawn to greater and greacer 
lengths; its two sides never rejcin each others A small portion at a paiaDcla 
resembles a small portion ot an equivalent ellipseo The difference is that the 
ellipse Is a closed figure while the parabola is not* 




Figure 6 

In Figure 6, you can see that there is no point inside a parabola tha: 
can be described as a center c If you select a point such as 0, it is impcasibie 
to draw a parabola using iixed lengths of string as radii from this point. 
We will explain the focus later o 



Please return to page 44 and try again « 
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YOUR ANSWER C 



You are correct I Good work! Yon observed that the mass (mg) of 
the satellite does not appear in the equation'; hence the orbital speed (v ) 
is completel y i ndependent of the satellite's mass . This' means that a large ^ 
heavy satellite must orbit the Earth at the same speed as. a small, light 
one if both are to have the same orbit o 

Is this, result surprising? In some ways it is because one might have 
the feeling that a massive satellite should move more slowly in a partici^lar 
orbit than a large onco This intuitive thinking obviijosly has a iiaw in It; 
we tend to forget. that increasing the mass of a satellite does two things 
which cancel each other: CU it increases .'the iceqoired centripetal force 
but (2) it also increases the gravitational pull of the Earth on the sateliit 
thereby providing the extra centripetal f^^rceo 

All righto Are you ready to work on a practical problem involving 
satellite speed in a predetermined orbit? We hope sOo 

We want to orbit a satellite at 400 km above the Earth o What speed 
in meters per second will it need to stay in this orbit? Let's wprk to 
three sign:'ficant figures* The data you will need to take down are^ • 

G « .Oc667 X 10"^^ m^/kg-sec^ 

m^.« 5.98 X 10^^ kg 

Altitude of satellite 400 km 

Radius of Earth =» 6*37 x 10 meters 



New turn to page 121 « 
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We must file: establish the value of i, the orbital radiuSo Since 
400 km » 4. 00 x iO^ m, we will add this figure to the ladius or the Eazth 
to obtain the radius cf the satellite's orbit « 

To add figures in scientific notation, we must be sure the exponents 
are the same, so we'll convert AoOO x 10^ to 0,400 x iO^ and then add: 

6.37 X 10^ m 
0o40 X 10^ m 



r - 6o77 X 10^ m 



\ 




4.00 X iO-* m 



Figure 19 

We now have what we need to substitute in the speed equation: 



0,667 X 10~^0 X 5.98 x 10^* 
T6 



6.77 X 10^ 



How about a little exercise in arithmetic? Work it out and get the 
value of V in meters per second. Write your answer. 



Please turn to page 122 for an answer check. 
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CORRECT ANSWER: To three significant figures, the satellite's veloeiiy is 
V «^ 7j670 meters per second c 



This turns out to be about 17,200 miles per hour. lou may recall 
that our orbiting astronauts traveled at just about this speed as Icng as 
they remained in orbit, v^early 250 miles above the Earth ^s surface. 

Looking back at what we've accomplished thus far, "we have answered 
the first two of our self-imposed questions o First, the speed required oi 
a satellite to keep it in. orbit is given by the following equation: 

Second, we have found that the mass of the satellite does not ?='Jiect the 
speed -calculations.. 

Our next question was: How does the radius or the orbit affec t the 
speed required to keep the satellite there? We can get the answer to this 
directly from an inspection of the equation. 

The required speed varies inversely as what? 

(35) 

A Radius of the orbit o 

B As the square of the radius « 

C As the square root of the radius « 



ERLC 
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YOUR ANSWER C 



You're right! Both answers are wrong c 



Since you were able to recognize the errors in the answers given, we 
expect that you probably have the right onec 

CORRECT ANSWER: The maximum speed of the ball is 4c2 meters per seconds 



The solution: v * / « J — tt no \ — 

V m V 0.98 kg 

m/sec » 4o2 m/sec 



36 m 



If F , r, and m are all in MKS units, it almost goes without saying 
that the velocity must come out in meters per second o But if you're 
interested in proving it, look at this: 

2 

Since a newton is a kilogram-meter per second , then: 



/ nt % m " / 



kg-m 



kg 

2 But kg in the denominator cancels kg in the numerator , and m x m » 
m , so we come cut with: 



sec 

Since this fraction is under the radical the final unit for v is m/sec 



Please go on to page 124a 
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Our final ilivistrative problem in the applications of centripet^i ic 
will deal with the motions of subatomic particles under special conditions 
In certain types of particle accelerators or ^*atom smashers/* as well as 
in other practical devices, charged particles such as electrons, protons, 
alpha particles, and so on are whirled around in circular paths by electtic 
and magnetic forces* In particular, magnetic force is often used to exert 
the required centripetal effect, that is, to keep the particles moving m ^ 
circle rather than flying off at a tangent o Magnetic forces are like any 
other forces; they can change the speed or direction of motion of a moving 
masso If you wish, you can picture a magnetic force as behaving like the 
string that constrained the ball or the stone to a circular patho 

In what direction must the magnetic force act? 

(21) 

A Along a tangent to the circle In which the particle moves c 

B At right angles to the tangent of the circle in which the paiticl 
moves o 
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YOUR ANSWER D 



You must have gotten the column headings mixed « 



In Trials 7 through 9 the mass and speed are kept constant, while t 
radius is varied. The latter is taken first at 2o0 m, then at 3.0 m, and 
finally at 4.0 m. So you have chosen an incorrect answer. 



Please return to page 118« Then please make aaothet selection. 
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YOUR ANSWER D 



You didn't read the specifications of the problem with sufficient 
care* In Figure IB on page 76, the same particle is acted upon by the dcwnwatd 
force. If the particles are the same in both cases, how could the m^ss change 
from one case to the next? 

You can avoid this type of error by exercising care in reading and 
interpreting each question. 



Please return to page 76 and make a new select ion o 
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YOUR ANSWER A 



The unknown is the speed of the satellite o Don't you always try to 
get the unknown on the left side of the equation, alone and isolated from the 
other terms? Of course you doo 



Then, please don't solve for the radius of the orbit. 



Return to page 111 and choose a better answer. 
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YOUR MSWER C 



This is n^5)t correct c The fact that k is unity is not shown by the 
.substit\iition of units in the proportionality above. The only way tc detezmir^e, 
the numerical value of a constant like k is to do an experiment in which 
the ^^alues are measured e For example, in the chart g^Wen^ iz is evxdent 
that k equals i since nowhere in. the list of figures would any other ^raiiie. 
yield the correct result for 1^ f or the given values of m, \- , and r = 

Refer to Figure 11 on page 117 « 

Choose one of the trials at random, say, Trial 6o Only if k =^ i tar^ 
yoti obtain a force of 16 oO nt for a mass of 1 kg ^ a speed of. 4 m/sec, ^iud a 
radiums oi 1 r>0 

- k— » 1 X » 16.0 nt 



Please return to page 149 and choose another answer, 
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This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 
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YOUR ANSWER — B 



You £ie correct c Despite the uniiom speed ot Y,he paiiti<,i.e^ xis 
diiecticn is constantly changing; hence the velocity is ditfe.:enx 
the velo::ity vj:, 

Refer to Figure 8 on page 146. 

Just what kind of velocities are we dealing with here- We ;^ype.{.f: 
as the insx antaneous velocity of the particle at point P; iikewji's^ 5 
15 the instantaneous velocity of the particle at point F' A t.^ue i^v.jc '^.i- 
has no time duration; and if no time is ai-^.owed for the pii^tzvle c r^^cvc:^ 
It can't cover any distance at alio Thus^ it is difii;.uit 'Co ^^ isua>.ii'.'-:-. ^ 
natuie o^f the velocity of a particle that doesn't move* Xk ■wc^ir.id ^ei ri- v 
well at this time 10 think of an instant as beemg cf e-Kt^euieiy £ho£: 
du'iation (but not zero time) of say one-miiiicnth, cxi &ne-b:..i^.i.o:nvh,j .r. 
one-t .tiiiionth of a second c Regardless ot the brevity ot vhe mta^jVa:, ^ : 
pax tide will move a rainiste distanceo The moment we can '^aee*' it m m.. El- 
even though the distance it travels may be ridiculously smaiAy oai pi: ::: : 
of instantaneous velocity becomes real and actual. 

Picturing the instantaneous velocity this way, we then drd,w rh.v 
to represent it along the to the circle at the po'int I'A q'^^e^s.^, i 



Wxite the missing wordo Then turn to page 131 



CORRECT ANSWER: We dx&w che vector representing the instantaneous veic:. icy 
along the tangent to the circle at the point in questiiiin 



Refer again to Figure 8 on page 146 o Over a brief instant in time, 
uhe direction of motion or a particle in a circular path is considered to be 
along the tangent to che circle ar. that point o So in Figure 8 on page ^.^6, 
v'f is the tangent lo The circle where radius OP intersects it; similarly, 
is the tangent a^: the point of intersection of radiums 0F\ 



NOTEBOOK ENTRY 
Lesson 10 

Ins tantaneous Velocity 

(a) Instantaneo^is velocity is defined as the veloeicy oi a particle 
during an infinitesimal time interval, or a time interval so short as to be 
considered negligible c 

(b) The direction of the instantaneous velocity of a particle mooring 
in a circular path is that of the tangent to the circle at the point in 
question, in the direction of motiono 

(c) Since the tangent is perpendicular to the radius at the pciniC xn 
question, then the di.tei:tion of the instantaneous velocity is perpendicuxai 
to that radius. iUo'Let Copy Figure 8 on page 146 o) 



Returning to the physics of the boy and the particle he deflects, the 
force exerted on the particle by his hand must be directed inwazd along the 
particular radius the string happens t^ form at that instant o In Figure 8, 
OP and OP' are two such radii; hence Fj symbolizes the force at one instant 
and F2 symbolizes the force a short tivne latere What is che angular 
relationship between each force and the corresponding velocity vector? 

(6) 

A 0 degrees. 



E 90 degrees o 
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YOUR ANSWER D 



You may never have studied the properties of ellipses, paraboi^is, and 
other curves of this family, but you certainly have worked with ciicle So 

We'll work on the assumption that you know nothing about any cuived 
figure except the circle. 

How do you define a circle? There are several definitions that cam be 
quoted, but we'll consider only this one: a circle is a geometric figure having 
a center such that this center is equidistant from all points that lie on the 

circle p 

Ail right? Now look at curve DH in Figure 4 on page 43 » The paicicies 
may be considered to be points that "lie on the curve Are alx of the paiilcie 
positions equidistant from point 0? If they are, then DH is the aic or a 
circle; if they are not, then DH may be part of an ellipse, parabola ^ hyperbclA^ 
cycloid, cardioid, or what have you. 



Please return to page 44, The right answer is almost seif-ei/idenc 
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YOUR ANSWER A 



You are correct. The prctcn has more inertia and hence a stionger 
inclination to maintain straight-line mctionc A grea'ier Bxce is needed to 
make it duplicate the elect'i:cn's motion, 

Now iet^s return ;:o the original electron-proton problem, It 
should be somewhat clearer to yo^^. why a proton acted upon by the same torce 
as an electron and moving in the same circle mast move more slowly . It it 
moves with less speed, then it is possible for the same force to produce the 
same radius of rotation-. 



Before continuing, please turn to page 157 m the blue app^indix. 



NOTEBOOK CHECK 

Refer to notebook entry 2(h) under Newton* s Laws of Motion ^Lesson 8) . 
Which of the following is the best summary of this notebook item? 

(24) 

A The acceleration produced by an unbalanced force is smaller if tUe 
mass of the body being accelerated is larger o 

i 

B The acceleration produced by an unbalanced force acting on a mass 
takes place in the direction of the force o 

C If the mass is measured in kilograms and the force in newtons , then 
the resulting acceleration will be in meters per secomd per seccndc 

D Acceleration does not occur merely because forces act on a mass. 
A second condition is that the forces must be unbalanced. 
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YOUR ANSWER — B 



You are correct o 



Using all four assumptions, we then went ahead to substitute isnito ioi 
the quantities on the right side of the expression above., omitting k ttom 
consideration since we had assumed it to be unity and diniensionlesso kite.: 
simplifying, we found 5hat the units of rav/r came out kg/sec. A newton, 
however, is a kg-m/sec^, so we see that the relation will not give us newtcnci 

We are then forced to the conclusion that one or* more of the iollcwxr-fe 
statements are true: 

Perhaps is not directly proportional to m. 
Perhaps is not directly proportional to Vc 

Perhaps F^ is not inversely proportional to r* 

Perhaps k does not equal unity* 

Perhaps k has units of its own* 

Each one of these invalidates ono of the assumptions we madeo 



Now return to the original question and choose the correct answe: 
Turn to page 660 
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YOUR ANSWER B 



You are correct. The value of in the speed equation would be 
different. Since v is a function of the mass of the planet around. v?hich the 
satellite orbits, then y would be different for a Martian satellite in an 
orbit of the same radius as that of a similar Earth satellite* 

Here are. tha comparative masses of the two planets: 

Earth: 6,0 x 10^^ kg 
Mars: . 6.4 x 10^^ kg , 

Very roughly, the Earth has about 10 times the mass of Marso Using 
the equation: 

(where m » the mass of the particular planet about which we want to orbit 
a satellite), let's answer this question: Would a Martian satellite travel 
more slowly or more rapidly than an Earth satellite having the same orbital 
radius? 



<38) 

A More slowly » 
B More rapidly « 



ERLC 
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YOUR ANSWER A 



You overlooked the radical. Perhaps if you rewrite the equation this 

way: 




(a perfectly legitimate form) , you can see that the speed is not inversely 
proportional to the radius of the orbit. The radius appears under the radic 
on the right side of the expression- 



Please return co page 122 and choose a better answer c 
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YOUR ANSWER B 



Judging from this answer, we would say that you did all of the 
arithmetic properly but omitted the last step called for by the equation. 
After multiplying and dividing all the factors under the radical, what must 
you do? Remember, you are trying to find v, not v^. 



Please return to page 31. You should be able to get the right 
answer now. 
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YOUR ANSWER B 



You forgot the radical. The speed v is directly proportional to the 
square root of the planet's mass. 



Please return to page 40 and select a more reasonable answer. 



ERIC 
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YOUR ANSWER B 



You are correct. Since the radii are equal, they may be eliminated 
by multiplying both sides of the original equation by r. 

You have been asked to find the speed that the proton would need to 
have to rotate in a circle of the same radius as the slectron when the same 
magnetic force acts on it. The unknown in the above equation is, therefore, 
Vp. First solving for Vp^ and then taking the square root of both sides, 
we have: 



So the solution is now a purely mechanical matter. Solve for Vp 
in meters per second to two significant figures and write your answer before 
turning to page 140. 




All the quantities at the right are 



known : 



Vg « 3.0 X 10^ m/sec 
Tftg » 9.1 X 10"3l kg 
m » 1.6 X 10-27 kg 
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CORRECT ANSWER: v„ = 7.2 x 10^ m/see. 



The substitutions and numerical solution follox*: 

'^v-^ef¥ - 3.0 X 10^ IIIl^^'II 
P ^V"*P V 1-6 X 10-27 

Vp = 3.0 X 10^ /5.7 xlQ-^ 

Vp « 3.0 X 10^ X 2c4 x 10"-^ « 7.2 x 10^ m/sec 

The result shows that the speed of the proton will be about I. /40th 
that of the electron. 

We want you to be very clear in your own mind regarding the inev- 
itability of this result. The proton is a massive particle compared to the 
electron — about 1,840 times as massive. 

If you wanted a proton to move in a circle of the same radius as that 
of the electron's path and at the same speed, the centripetal force applied 
by the magnetic field would have to be: 

(23) . 

A Larger than that applied to the electron c 

B Smaller than that applied to the electron* 

C The same as that applied to the electron. 



; 
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YOUR ANSWER A 



Well, let's see. First let's write the equation: 



Now let's substitute: 

p « 80 kg X (20 m/sec)^ 
c 20 m 

So is obtained by squaring the speed, multiplying by the mass, and 
then dividing by the radius. In order to get an answer of 80 nt as you did, 
you must have forgotten to square the speed o Because you see if you don't 
square 20 m/sec, you can cancel this number against the 20 m in the denomina- 
tor, leaving 80 as the numerical result. 



Please return to page 104. Go through the calculation again and 
determine the correct answer. 
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YOUR ANSWER A 



This is not an asgumption! 



We're committed to the MKS system by mutual agreement. Force is 
measured in newtoiis in the MKS system* Therefore, we shoul^^d set up every 
relationship in which force is involved so that the force does come out in 
newtons <> 

For the sake of consistency and mutual understanding between all 
workers in physics, we muse never allow ourselves to be forced into a 
situation where our Uasic quantities cannot be measured in the units that 
everyone has agreed to use* This is a self-imposed "must." Thus^ we 
must measure mass in kilograms, speed in meters per second, ladii in 
meters, force in nawtons, and so forth. 

Whenever we develop a new physical equation, we do what is neceaisaty 
to (1) phrase the equation to fit the experimental evidence c That is, the 
equation must work in all real-life situations in which it appear Sc Then, 
(2) we must adjust the constant of proportionality so that all the variables 
may be expressed in the chosen units of measure « 

You should remember that we did exactly this in obtaining the iin^i 
form of the gravitational force equation; 



Fg = G-^ 

We were forced to make G « 6o7 x 10"^^ m*^/kg-sec^ in order to be able 
to express m in kilograms, r in meters, and F in newtons. 



Please return to page 15. Make the other selection.* 



YOUR ANSWER A 



No, you're allowing your terms to get mixed. Refer to Figure 8 on 
page 146 • Consider The direction of the vector is inward along the 

radius OP . This force must be directed along the radius, as we emphasized 
previously^j^because reaction to it keeps the string tautc Thus the line of 
action of is along OP* 

The corresponding velocity vector at the instant when is applied is 
Vjo But we have shown that v| lies along the tangent at the point where this 
vector touches the circlec 

Then at the instant when F| exists as a real force, it cannot be 
applied to the velocity vector at 0 degrees, can it? What is the angular 
relationship of a radius to a tangent at a given point on any circle? 



Please return to page 131. ^The alternative answer is clearly the 
correct one. 
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YOUR ANSWER D 



We axe attempting to solve the equation in such form as tc obtain the 
speed of the satellite in orbit o The speed of the satellite is designated 
by V in this expiression: 

_S a Q-Zi^^ 

r jc^ 

Since we want to find then the usual procedure shoaid be followed: 
m:&nipisiate tlve terms algebraically, doing whatev^er is required shift them 
le-gitimateiy s canceling where possible , until you wind up with v ail alone 
on the left side of the equation,, There are various ways to ao thip; we'll 
sfeow yovt the method we prefer in a moment r. 

In any e^'ent, if you want v alone on the lett sidej the equacion should 
be solved for this temso • 



To continue, please turn to page 20 » 
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YOUR ANSWER A 



Look againi 



In Trials 1 through 3 the mass was varied, not held constant, while 
the other two quantities were not changed c Note that the particle is givei 
a nass of 1.0 kg in Trial 1, 2.0 kg in Trial 2, and 3.0 kg in Trial 3. 
Note also that the speed was not made to vary at all, being held at IcO 
m/sec throughout these three trials. 



Please return to page 118. Then pick an alternative answer- 
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YOUR ANSWER A 



You are correcto Figure 7 below is a magnified reproduction of curve 
DH of Figure 4 on page 43 ^ The string is held at constant length; hence it 
serves as a radius of the arc. described by rotating the radius around fiTt^ed 
point 0. The force applied by the-boy^s hand on the particle as it moves along 
arc DH is directed inward toward the center at all times so that the particle 
is forced to change its direction in a smooth, continuous manner. 




Force of boy^s hand toward 
point 0„ 

Figure 7 Figure 8 

We have added tangents to the circular arc to show how the radii 
intersect the circlco As you must know from plane, geometry, a radius is alwaya 
perpendicular to a tangent at the common point of intersection New let us 
use this fact to crystallize a very important concept relating the- direction 
of the boy's force to the direction of the particle motion at^ any given Instant n 

In Figure 8 above, particle P is shot^n in two different positions as it 
moves in the arc produced by the force of the boy^s hand on the strings It 
is moving with uniform speed <> Does this mean that its velocity at the instant 
shown by vj is the same as its velocity at -the Instant shown by V2? 

. (5) ' ■ ■ ■ 

. A Yes. 



B Noo 
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YOUR ANSWER A 



You are absolutely correct. Testing this is easy: 

V kv"^ « (taking k » i) 

(Trial i) 1.0 m/sec k(i)^ « 1,0 nt 

(Trial 4) 2o0 m/sec k(2;^ ^4.0 nt 

(Trial 5) 3„0 m/sec k(3)^ « 9oO nt 

(Trial 6) 4.0 m/sec k(4)2 ^ 16^0 nt 

The values in the second column are identical with those given m the 
chart; hence F^. kv^ is correct. That is, the centripetal torce varies 
as- the square of the speed of the particle in circular motion. 

Our original assumption that the centripetal force is directly propor- 
tional to the speed thus proves to have been incorrect. 

As the last step, we must check the third assumption we made, namely, 
that F,, « k/r, or that the centripetal force is inversely proportional to 
the radius of rotation^ Assuming k ■* 1 , perform steps similar to those 
aboveo You will find in Trials..!, 7, 8, and 9 that: as r is doubled 
from KO m to 2«0 m, the value of F^. is reduced to one-half ; as r is cripled 
from 1.0 m to 3.0 m, the value of F^ is reduced to one-thir d; and as r is 
quadrupled , the centripetal force is r.educed to one-fourth its original 
magnitude. 



Do the data for these trials indicate an inverse proportion between 
F^ and r? Write your answer; then turn to page 148. 
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CORRECT ANSWER:. ,Yes, tlie data- for Trials 1, 7, 8 , and 9 iiidicate that' F^' 
is itiveraeiy proportional to the radius of rotaticrto 



Thus,.Fc-p 

• Do you remember that we made a /fourth assumption^ namely,^ that k if 
The -experteental' results .in .Trial l; alone -demonstrate that this assumptira ■ 
ws:,s justified bcca\ise if. k were any nximber except isnitys W eoarJ-d n^t get -a 
force of X nt when mass of 1. kg is whirled at 1 m/sec in a circle or 1 m 
radimso. Whether or not k is dimensionless* will be proved w^ry short; ly a 

...Before we....do> - this we 'want to' write the new, correct foirTrr' cf 'the 
.ccmbineci' proportion o .Three of the foisr original assumptions are th^: sank 
• as they were , but one of them has changed s ., '■ ^ 

■ j:.-^-... .F ■ » .icm.- We.- ha'^e -showfr this-to be jtastified« " '. • .• ' '" 

V'""" ■ , . ,. c ■ ■ ■■ ■ . ■ ■ 

^ kv- The initial assumption (F^ « kv) : has been shown 

; ■ ■ ."to be wrongo' 

. F^-.-»:'k/r.,;'V , ... -^^ ;We' have-, show "this to 'be jiiistif ied^- - '^^ 

k . 'We vhave- shovw,; this to, .be j^stifiedo' -^^^ 

Now^" we- want -you- to combine -these -^proportionalities just "as yon- did' 
before, taking into account the change in the second oneo 



. Write your-answero- Then tuxn to page 
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CORRECT ANSWER: The rhree separate proportions may be combined in the lorm: 

2 

« kH!^ where k « 

We do not yet know, however, whether k is dimensionless , We shall 
proceed to find out. 

To do this, we'll substitute MKS units on the right side of the equation 
and simplify « 

2 2 
p ^ mv ^ (kg) X jm/sec) ^ 

c r m 



c m 



T? kg-m 
f a — « newtons 
c sec^ 



You will have observed that we did not introduce k or units for it in 
the above substitutiono DesT:>ite this, we find that the relation F^. « mv^/r 
does turn out to have newtons as the unit of measure . 

What does this tell you about the constant of proportionality, k? 

(16) 

A k is measured in newtons o 
5 k is dimensionless. 



C k has a numerical value of unity « 
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YOUR ANSWER ~- B 



You are correct « At any instant the force causing the circular motion 
lies along the radius while the corresponding velocity vector is tangent to 
the circle o A radius is always perpendicular to a tangent at ia given point 
. on ^the circleo • 

we must conclude that any particle in motion will follow a curved 
path only if an Inward radial force is applied to it, this force being instan-- 
taneously perpendicular to the direction of the particle's motion at that 

'ins tanto. 

This inward radial force is called centripetal (sen trip et al) forceo 
It is the force applied by the center of rotation on the rotating body c (We 
will discuss "centrifugal force" later in this lessono) 

Referring , once again to Figure 8 on page 146, imagine that someone 
cuts the string when the particle is; at position • Ac the instant of cutting 
the centripetal force F2 ce'ases to exist , since it is only through the medium 
of a continuous string' that the center can apply the required force to the 
particle* Then, at the instant of cutting and thereafter, how will the .partial 
move if nothing disturbs it? 

A Outward, along the radius, away from_ the center, 

B / Inward, along ' the radius , toward the center 0 ' ' ; « . 

C At a tangent to the circle, along the line of V2 J" 
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YOUR ANSWER C 



Well, let s look at the speed equation again: 

We want to know if v will be the same for a Martian satellite traveling 
in an orbit of the same radius (r) as an Earth satellite • Looking at the 
terms on rhe right, we know that: 

(1) G is a universal constant and hence is the same on Mars as 
on Earth or anywhere else in the universe o 

(2) r IS the same for the Martian and Earth satellites* This is 
given in the conditions of the problem. 

(3) mg is the mass of the Earth. This is the mass we use in 
calculating the orbit of an Earth satellite^ To calculate the orbit of a 
Martian satellite, we would use the mass of Mars ; hence the value of m will 
be different for the two calculations* The mass of Mars is about 1/10 that 
of the Earth. 

If one of the terms on the right side of the equation is different 
for two problem solutions, can the dependent variable on the left be the same 
in both cases? 



Please return to page 94 and choose the right answer. 



■YOUR ANSWER ~- B 



You are corrects You remembered that in any situation involving 
. action and reaction (Newton's., Third Law) , there are two. bodies upon which 
y the forces act o Call' the string Body A; call, the ball Body B; then Body- A 
exerts a centripetal force on Body B, so Body B reacts by exerting a 
• centrifugal force on Body A. - 

. The hand that holds one- end of the string while the bail is being 
whirled around on the other end is actually the site of the centripetal force 
in the first place o But this force is transmitted through the string to the. 
ball; it is more convenient to think of the string as exerting the inward 
force on the ball, while the ball exerts the outward force on the string* 

So,, we have redefined centrifugal force., . No longer is it a phony, 
fictional force lerroneously conceived as being applied to the ball. Now it 
is a. real , outward-acting force applied to the string'/ owing its existence, 
to centripetal force and developing as a reaction to the inward forces 

Before^ continuing » please turn to page 159 . in the blue appendix 



You have now completed the study portion of Lesson iO and your Study 
Guide Computer Card ana A V Computer Card should be propexly punched in 
accordance with your performance in this Lesson* 

You should now proceed to complete your homework reading and problem 
assignment 0 The problem solutions must be clearly written out on 8^'* x ii" 
ruled, white paper, and then submitted with your name, date, and identification 
number. Your instructor will grade your problem work in terms of an objective 
preselected scale on a Problem Evaluation Computer Card and add this result 
to youi computer profile • 

You are eligible for the Post Tiest for this Lesson only after your 
homework problem solutions have been submitted. You may then request the 
Post Test which is to be answered on _a Post Test Computer Cardo 

Upon completion of the Post Test, you may prepare fpi the next Lesson 
by requesting the appropric'te 

1 . study guide 

2. program control matrix 

3. set of computer cards for the lesson 
4o auciio tape 

If films or other visual aids are needed for this lesson, you will 
be so informed when you reach the point where they are required o Requisition 
these aids as you reach them. 



Good Luck! 




AMP LESSON 10 ■ ■ . ' - l^k-- ' ?§::R^^^JkSM^S::.J^ 

/ ■ ' . - WORKSHEET 

Please, listen to Tape "Segment 1 of- Lesson .10 bef ore ■ starting . 
CO answer the questions belox^ro " Use.. Computer Card for-, answers 

QUESTIONS ■ . • . . . . 

lo As you known the earth revolves about the sun In its • 
• yearly perambulations^ If you wanted to " describe .i:he , 
■ forc.es acting in this systeirin which one of the follow- " 
ing would you choose' as' your point- of ■ observation in 
order to establish "an outside frame of 'reference? • - 

■ A . ' The .'Earth-,, ^ ' ^ D. A nearby, comet 

; .B/.;The Suno . - E The Moon ; " 

, ' . C . 'A neai'by staro 1 . . ' 



Just^ bef ore the' Apollo 8 astronauts tooi^ of f for tne . 
MoOaIj their spacecraft circled the Earth in a tempor- 
ary or-bito To. analyse the forces, acting* on the spaced 
craft while orbiting^ ■ ' 

A the. Sun; would have been a satisfactory "point of 
observation because It is' motionless in spacec ■ 
:B The Moon would have been a 'satlsf ac tory point 
of observation because an obsei'iratory could be 
set up there ^ ' . ' 

C The Sun: -would be . satisfactory, because. It; is, .-■ 
fixed relative to both the Earth and the'. 
. .spacecrafto ' "o ' '■ ■ 

D the planet Mars ■would^ be satlsfaccory becaase 

it; is '^^^l^ed" relative, to' the Eartho. 
E . None of these' answers is correctc 



3o - - Onn? can build' up a set of ; consls:tent physical lavs based 
on. .^u:.entriragal5' . force provided .that one is 

■ A, Inside the framework of the- rota tln^^ system^ ' ' ' 
• B . outside ■ the f ramework of the ' rotating- system.o 

:C conscious that centrifugal force acts on the " - 
rotatlng.''particle or bodyc • ., 

. . D - willing to. assign al'gsbralC; signs to- vectors© -. 

,.E* None .of these is correcto , 



Please return, now to pa^e -5 of ■.; ' . .■ f)^- 

■ .the STUD:^. GUIDE - .• ■ ^ ' - 'v 



ERIC 



AMP LESSON 10- 155 - Tape Segment 2 



WORKSHEET " ■■■■=' 



Please listejn to Tape Segment 2 of • Lesson .10 beT ore'v-starting ■ 
to" ansvrer the ques-'tions belowo Use the Computer CaTd "for ans- 
.wer.s c ■ ' 

"QUESTIONS ■ > i 

4o A plumb line passing through a horizontal -plane makes - 
an angle of . 

A 1-80^. with the planec ' {: 

. B .90'^ with the planec ' ' ' • ■ |; 

G .Zero degrees with the planec 

D ' 90^ with .the vertical o . . i 

E None of ^ these answers is" correc i; 

' ' . ■ . "■ . ■ i 

Aside from the centripetal, force of . the -stringy, another 
. force' bhat acts on the whirling particle is 'g|ravi tat'iono 
, Which statement is true?' . ; " I 

A ' Gravitation acts on the particle . only 'if i t is 
• moving in a horizontal plane o- ^ . j- „ • ... " 

• B Gravitation acts on the par fcicle if itii is^moving 
in any planeo ' . |; 
; 'C • Gravitation; acts on the particle only ijif it is - 
moving: in a vertical 'plane* | 
D - Regardless of the plane ih which it mo.vesg the . ; 
effect, of gravitation on.; the centripetal force 
■1 ^required to keep- the particle in an '^^orbit'* ■ lc5 - 

. : /^always the sameo - 
■ ■ E. None of these answers is. correct^. ■ : 

, . ■ ■ ' \ ' . ■ « ■ : - ■ '■. V- • • 

6fi> . "A hori202ital circle is best fox the circumstances. )^(ie- 

- ■ scribed In the STUDY -GUIDE, because ' ■ X 

" " ' ■ - . , *' ■ ' ■ \>-' - - ■' 

A.^^x it is the^., easiest to observe' as you whirl the 



\ 



particle Wround^ your head< 
'B^ in this kind of circle ther^e,, will be less danger 
of the particle striking .some nearby object c" o 
G. in any other plane r> ' the particle may move - in \ 
• an .elliptical .rather , than a circular patho^ ' > 
p ; ' orily- in this- kind' of circle can, the centrii\etal. 

: force be equal for all instantaneous positiojas. 
•:- ^ ■ of the ■ particle^ - ' ^; ' ■ .. ■:.■^\ V• 

E . None of these answers is correct 



Please return now to page 10 of 
/)- THE STUDY GUIDE^ 



AMP LESSON le;. 



• • ■ ■ •, WORKSHEET ■ ■ 

Please' listen to Tape ■ Segment 3' of Lesson 10 before starting 
to answer the ■questions ■bfciowo Use Computer Card-, for answers o 

Data Item As . The drawing below is a duplicate of Figure 10 
In' t.he'' STUDY GUIDE for this Lesscrio, 



'A 

\ 



■^6 



J 



5 



Data Item. Bg The planets of the Solar Syscemn in random crder^ 

ares E&rthn Pl^utOn Saturn p Mars p Mercury n -Venus p Nep- . 
' . \ tuiieo Jupiter o and Uranus o" ■ . 

■\ : QUESTIONS 

7o . For a. particle moving i^rlth uniform speed ■in a ciroI.e^ 
which one of the following statements is tfue? 

A ' Centripetal force' on the. particle is proportional 
■* to the -tangentiai velocity p all other . quantities . eq^.., 

B^o. Centrifugal force acting on che rotating- par u-^ . . o ■ 
iol'e is directly proportional to .the mass -of 
'the 'pariticleo ■ ■: / \ , ' 
G Centripetal force is indepeitKient of /the jnasii^: '\ 
of the rotating, particleo ' ; • - 

■ D Centripetal force is independent of the .radiiis . 
/ 'of the circle " desiiiri bed ' by the partlciieo ; ; _ , 

E i.; Cshtripetal force is inversely proportional to ' 1. . • ■ 
' the radius of the' circle described by the part- 
• \ . •. ■ ' ■ ■ : .- Iclep- .1 • ' ■ ■ ' ' ^ . . . - • ; 

8e if, orbital radius .i^ere the only factor governing the , 

■ J. magnitude of centripetal force o. theri which, one 'of the 
planets would-be acted "on by the largest- force and;. ' • 

■ - .■ TArhioh the smallest?'- . , , ; - • 

. : A . Largest g Pluto § smallests. 'MercUryo ■ ■ 

■., • B -Largests Uranus 5 ■ smallest g • Juplterc • 

.. C. .Largest? Earthy smallest^ Venus© •■ 

D 'Largest g MercAxryg smallest r . PlutOo .; n 

' E; None of the above is correcto • 

■ :. . .Fiease re.turh to page 26 of tneV ■ , " • • 

■ ;■ ■, ' . ■ .. ■ ... - .STUDY GUIDE': / ;•. ' : : 



AMP LESSON iO ; 157 . Ti:££^,Se£men^_4; 

. ■ WORKSHEET 



.Please "lisxen to Tape Ssgtaent k before starting to a.nswer the 
.questions belowo Use the Computer Gard for- answers o 
' • ■ . 2- . 

Data Item As. Centripetal force ^ F - 

Data Item Bs Mass of a-partioie" 4 times mass of proton and 
Centripetal ' force acting on a'-particie movinfj 
in. same magnetic field as proton: ^.2 times,..- - " 
force on procong . '. f . . 



QUESTIONS -J - - ^ ■ • ■ 0. 

If the orbital radius of a proton in a given magnetic field" 
is what:,., orbital radius would an a:'- particle asstlme if 
it mojred Inzo the same field at an identical speeds? 

... A_ . x/^ ^ ^ . I " ■ : / 

D- " ^r* " - - v - ' ■ 

• E 2r n ■■ . ^ 



Please return now.to page I33 
in the. -STUDY GUIDE.. 



erJc 



AMP LESSON iO I58 . \v . ^'^Hfe-^Se^SSS,^^ 

* . , . : WORKSiffiET 

Pl^ease listen to Tape 'Segment '5 of Lesson 10 before start- 
ing to answer -the questions ^"belpwo Use Computer Card for 
answers© .. ^ 

Data Item As. Study the chart belowo i . \ 



(1) 


Mercury 


2o4 


a' 

X 


10^ 


B 

ko79 X 


10^ 




X. 


■r 


'.3v5 


D 

x 10 5 


(2.) 


Venus • 


60I 


X 




3V50 X 




3 c. 29 


X 




ioO 


X ID" 


C5) 


■ J'api ter 


7 0^1" 


X 




Io3l1)x 




1.0 2? 


X 


io22 








Uranus- 


2 c 5 


X 




O068 X 


10 6 : ^ 


5®8l 


x 









One of the coluims above lists the approximate orbita'l ve.lc-::^- 
Ities of the planets showio 



- .^ESTOTS . . 

■> ■ ■ 

lOo- Which colTiiim. lists the approximate orbital velocities cf 
the planets showi? '; ■ • , ■ . . 

- A ■ . A ■ - ■ ' - , ( ; .- . ^ ' . • 



11 o 



Jupiter is ^Z^^ 'the most/-inassive planet , in the Solar ■ 
' ■ 'Systemo Whlch^.of v.thei COiuims above, lists ^^tt^^ masses of 

: the planets ' showi?:'. -: ■ ' ' . 

.A A . \ ' . , ■ 

■-v^'v-'''-:''.--\:''-^^^ ■■■■■ y 0. V'- ■ 'C';:/^-^ ■ 

■. ' E, . None of the cpliimns .lists the masses ofr t^ 

^ / ■ - ■ Please, return now to page 64- 

cKjL . \ of the STUDY ,:gUIDE_. 



AMP LESSON iO 
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Pleas/e 
to aris 



WORKSHEET, 

listen to Tape Segment 6 of Lesson 10 before starting 



we.r t;he questions below-; 



12 ( 



Use Computer Card for answers < 



The diagram at ;the left- 
shows a small wood block 
resting on the surface of 
a si owiy. rota ting phono 
turntable c Shox^n above 
the turntable is a refer-" 
ence' point labeled "^A^^s 
below it is; another ref- 
erence point -la^beied ■^^B^^c. 
Tile turnt'5:ble is|;rctating 
-clockwise as seeii from 
above,? 



At ■ the instant shown, in the dlagram^^, on what does the 
force act and toward which, of the two ref- 




erence pa:int:9? 



a; On the turntable^ toward point A^ 

B On the turntable^' toward point Bo 

:c; On the wood blookg, toward point. Ao" 

D On the wood blockp toward- point;Bo 

E None of -these is corrects 



130 Suppose the , turntable were rotating counterclockwise - 
instead of ciockwlseo Which one of the followlrig 
•%ould be affected by "this change of direction? . * . ' * 

• • A The wood, blockc ; / : ., . 

• B- The surface" of the. turnta>iLe;> 

. C ^ The -centripetal forces ■ ^ "^''^ 

\- D ' The centrifugal" 'forcec>'' 

E None, 'of these c. , ^ ' . ' ' 



Please go directly to page 1'60 
of the STUDY GUIDE, after ans we r« 
ing the questionsi above© 



A.M? .LESSON ::C: 



J. 



60 



al s o 



F'-T-ase :i.-:sven to Tape Segmenf 7 df Lesson lOo. Yora _ ^ 

■..-,sd- view the brleiV'- film entitled THE VELOCITY AND ACCEL- 
EBATJ.0:N in C-IRGULAJ? motion &s directed c/n. the audio tap&o 

15,^ I': eas" As S.ee ■ the diagrams ;'beiow'< 




Bri.^a Its-TG. B^^,Sele'.'-z (Jjy letter) oiie of. the foliovring' as ari/^ 
a:!;i.i%e.r tc\,.eacu'i (;ii.estton 'belows:, ' , ; ' <^ ■ , , 

A ta:^sgerit; B radius; ^ C;'^ parallel D perpendic-ular^' 



■;-'el':^o:lty.- :Vec tor alwa^^^^^^ has' . -the same direction as the 
^ S^o the circle at that' polnto' ■ ^ / ■ 

. e'rery inatant^ the centripetal acc6leratio:n. ^^ec-tcr 
•5;s._____ to"''t;he -^relooifey . 'V^ectoro • "' ■''*: :■ ^ ' . 

"voc . At "every ^ristant^' the centripetal acceleration 
along a of the circle of. rotationQ 



PI eas go to pag e .1 53 of th e S) ■ 
. . ■• ' ' study GUIDEo ■.. , '■ ' ' 



ft 



AMP -LESSON iO 



IV' .; V/hat is the centripe-tal/ acceLeratlori of a car v/hich moves, 
aro"UTid;a^ciroul^r sectiori of a xioad hav-ing' a radius of 
.1"50 -ft ■b:t a. -constant speed' of 75 'ft/sec? ■ 

2.r : A "ball on : .a:!surifi;g i s v/hirled ;ln a horizontal oirale of . 
; radius 2' ft.c What laiist ,be the' speed, of the ball/ if its; 

■ . !:• cent2,^ipeta.l: ■saceleratXon is- to be equa,l to g? ; (Take g .•- 
/ 3.2 f t/sec/set)... ■ \- . • ■ ■ . . ^ 

3., 'VJhat .centripetal force is /ne'eded to keep ^.^^ 2<-'ikg. mass mov- 

■ ■ ing at' a .constant: speed, of a circle having a . 

■ . ■ .radiui:^ of h .m'i - . . ' ' " * ■ ' ' - '•• 

■ : : • ' - ; ;■' ': A .' ■ ; . : ' ; .. . ■■ : ■ ■: ■ ■. • 

-.A force of 10. nt applied to .one end of a cord 'keeps an 

■ obj ect tied -to' the : other end- moving at a .speed of 2 m/sec 
.J.n-:a hQri^bn.J;al. circle of' -S' m radius:.> ; What -Is the mss 
-.of the object V- ■'■ ^-^ ■ * ' . -. 

■ 5-., . At. a "point 6V7: x\10^:,m from .the /o^enter: ofv> the Earth g , 

■ is- approximately 9 vO m/sec/sec^ ' What velocity . must be 

" ■ - given^ to an Earth- satellite . to send it.' into" o^rbi t at ' this 
' distajice? (Assume a circular orbit)'; ' ■ ' ^ . ' ■ 

6v. A s."tudent swings a inass of 100 grams tied to one end of 
■ a cord in aAioi^isontal circle of; radius.-^ -. . 

■ //V." its tangential, veloci ty- is'' lOQ cin/sec r , Calculate the 
.- V. centripetal .-fo-r^^^^^^ ;.the 

f^- What xsr t;he^ csntripetai force acting on eaoii killgram ' 

■ - - of "aXL 'airplane that , is turning: at ^ 200 m/sec ^ in; a ho'ri^-;. . 
/ >;bntai;- circle, bf radius jLO'-.OOO. m?^; ■ ^ . , ; ■ / . 

8^.' llsing the . f ig'ui'es given^ below^ e.stimate the centripetal 
- : .; forfee a-ctlng-on. the JEarth ' as ' a' reisi:ilt of its .^rotation ., 
' ., /xaround" the. St^^^ .■ \ . ■ • 

; .... • . ' ■ ^L'"- . : ' . - ■ *■ . . ■.. ^ ■ ■ 

, ■ ■' ■■ .Radius -of Earth .orbit - IrvS 10. , m . _ ■ ^ 

. ■ - ■ Time recjuired for. Earth to: complete one- . 

■'-y- ■/> . . - " ■ -/or bit = *3c.2, 'X 10 ^: sec- ^" - • -. 

■• * ■■ - w'-^ ■ ■ ■ ■ ■ . ■ ■ ..■ 2 irr ■' ' ■ ■ ■ ■ ' ' 

(Hint^3\ ■ For : an: .bbo:^^^^ moving iii . a circle ^ .v — ._:in . • 

;'T^lch, . v..^; tang^ velocltyV. :r === radi^is^c 

••and • ==. time for • : "^"'^f 



